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ABSTRACT

Theobjectiveof this report is to summarize the informati@eeived concernintpe two
10-year warrantyilot projects constructed by the Colorado Department of Transportation
(CDOT). In this warranty process, the contract specifications are expressed in terngstefm
performance of th roadway after it waslaced ratherthan in terms o€onstructiormethods that
wereused offinal propertiesachieved in building the facility?erceivedenefits of the 1§ear
warrantyapproach includéhe following

1 The contractor using this method couldnbetivated tgprovidea facility that
meets the needs of theotaring public rather than simply meedithe prescribed
CDOT standards.

1 Due to the compdtve market, the contractor could also be driven to create more
innovativeand efficientideas or processesghis approach to construction
contractings significanty different thanones currently used by CDOT.

Thisreport isdivided into twophasesPhase | consists of reviewing the manner in which
long-term warranty contracts habeen implementedcross the United Statesviewing the
constructionspecificationsproject selection guidelineandbondingof theseprojects Also
included in Phase | @mcomparisorof the initialconstruction cost betwegmilot projects and
control projects of similar siz€hase Il consists ofionitoringlong-termperformanceanddoing
a costbenefit analysis of tleeprojects.

Phase Issues that ar@ddressed include the aspects of the rogdveaavior to be
warranted, duration of the warranty, payment teitsprocedure, etés guides, CDOT used
examplesof warranty projectérom Europe, where the uselohgtermwarranties appears to be
commonplace, and from the United Statesere several State Departments &rBportatios
(DOTs)have recently researched and awarded demdiostiarojects CDOT, the Colorado
constructiorcommunity andsuretybondingcompaniedave a variety of concerns regarding the
use oflong-termwarranties on roadway construction projects. Many of these concerns can only
be definitively answered bstudyingour pilot warranty projectslong with othe warranty
projects constructed in thénited States

The first conclusion of Rase |1 is that the pilgirojecs should be reconstruction jolms
moderately traveled highways. Second, the projects should be warranted with respect to ride,
rutting, and craking for a period ofL0 yearsThird, the projects shoulddtude a weigkin-

motion stationWIM), at or near the projedt) measure the accumulated traffic loads. Fourth,



the @ntract awards should be based on securing the best technical qualityldovesiecost
Finally, a limited liabilitybond shouldalwaysbe reqired during the warranty period
Phase Il elements that are evaluated include the amount of preventive maintenance along
with annual reviews of the CDOT pavement management data ancl dietH. The first
conclusion of Phase Il is that thentractors on thearranty projectspentover 2.5 times as
muchas CDOTforcesin materials and labor to maintain the pavement. Second, the ride quality
was much better on the warranty pavement. Thimel accumulatettaffic wassignificantly less
than CDOT anticipated for bofirojects. Finally, on a cost basis only, they®ar warranties are
not beneficial.
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1.0INTRODUCTION

1.1 BACKGROUND

As the world and our nation rapidly change, the future of highway construction may
evolve in entirely newandhopefully, improved directions. Dynamic changeshighway
construction contracting are alrgaghderway in some states amtther nations. One such
change is a move toward the use of contracts that include warranties longherm
performance of the roadway. Under this approach, the contract spemiftcate related to
the expetationthat CDOT and the motoring publh@avefor the performance of the
roadway once it is in use. At tivery least, CDOT and the trawre public should expect
thataroadway providsasafe and comfortable ride at a reasdaaost duringts design
life. Following the warrantgpecificationsthe contractor is given the responsibility of
designing, constructing, and maintainingthe a d way s o t h aprescrided meet s C|
expectations.

The warranty approach to highway ctvastion contrasts sharply with standard
DesignBid-Build (DBB) highwaycontracting practicein Coloradoand across #country.
DBB contracts typically spegifconstruction processes and/or target material properties that
the facility must neet rather thn specifyingong-termroadwayperformance criteria. While
the majority of these specifications target processesraterial propertiethatare known
to be related to lonterm roadway performance, the actual performance of the roadway
over its designifie is not considered in the contracting process. Followindptingterm
warranty approach, these typeddBB contract requirements are eliminataétstead, he
contractor iexpectedo provide a useable facility over a gietermined warranty period
usng the design and construction approach dheichoice. The contractor is expected to
step in and repair the roadway if performance falls below some mutually agreed upon level
of serviceor distresgiuring the warranty period.

The warranty approach tmntracting highway construction services may result in
equal or better quality roadways thame presety being constructednd/orlower costs
than are currentlpeing incurred. Bgardng thebenefits to the motorist, the contractor is
provided with diret incentives to produce gooduseable wadway, rather than being
required to simply meet minimum standards in termsoastruction materials and methods.
These incentiveand the absence of required critesieuld stimulate innovation in the
design andonstruction process as contractors sfék&ient designs in an effort to
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maximize their profits. Any cost savings that result from such innovations eifiteally
be passed on to the weding public.

Whether or not the above benefits will be realibgdising warranty contracts (and
the specific level of any benefo be reaked), they areanalyzed irthis reportMuch of the
risk associated with providingng-term serviceability in highways has historically been
assumed bZDOT and passeoh tothe public. This approach has been justified due to the
number of variables beyond the control of the contratincertaintes are often associated
with pre-existing roadway conditions the contractor may be fibtoeaccept and build upon,
conditions of futue use the highway will experience (with regard to volume of traffic and
environmental conditions), and the level of maintenance the completed roadway will
receive. In response tbe shifting consideration of these risks to the contractor, the initial
cogs of facilities built under warranty contracts witimg-term performance specifications
may exceed the cost of building the same facility using traditional contracting prazedure
The savings to be realizéy usinglong-termwarranties will likely beealizedover the life
of theproject or in the fornof long-term savings associated with the development of
improved construction methods and materials.

In using a longermwarranty process, even on a pibatsis, a numbeaf technical
and administrativessues weraddressed. The maanin which these issues weaddressed
may be critical to accurately assess the feasibiligylohg-termwarranty contracting
approach for roadway construction projdot€olorado Issues of concerthat were
addressedhclude:

1) Type of roadway projects appropriate kang-termwarrantycontracts

2) Longtermperformance parameters to be usedheasuring contract
compliance

3) Specific fiscal provsions of the contract agreemgeand

4) Bonding regirements of such contracts

1.2 OBJECTIVES AND SCOPE
The objective of this studyas two phase®hase | incldes fivetasks that are
prepar#ory to conducting piloprojects withlong-termwarranty provisions. These

undertakinggonsist of:

1) ldentifying the mannen whichlong-termwarranty contracts differ from

current contracts and determining the isshas needo be addressagpon
-5-



implementing theseontracts

2) Reviewing current practicawvith long-termwarranty roadway contracts in
the United States

3) Developirg a formal contract instruméto be used on pilgtrojecs;

4) Selecting specific pilot projects on whith try this contract instrumerand

5) Soliciting ideas and comments on leteym warranty contracts from those
partiesthatconstructedhe pilot projets.

Phase II of this inveggation involvedmonitoring and analyzing the cost
effectiveness of the twimng-termwarrantyroadway projects awarded by CD@$ a result
of the ecommendations issueditase |. Specific taskgrformed in this phasof the
study consist of:

1) Collecting costdata long-termperformance, and other information from the
start of construction through the wartg period for the piloprojects and
attendant control projects constied with conventional contragtand

2) Performingcostbenefit analyses for the pilptojects ad formulating
recommendations fdhe future use dbng-term roadwayonstruction
warrantyprojects in Colorado

The longterm warrany task force formulatedpecifc recommendationis which
Colorado mightmplementong-termwarranties on fute roadway constructigorojects.
This informationwascollected in Bsks 1 and 2 of Phase |

This report documents the work completed during PhasdPhasdl. The intent is
to provide the reader with adequate infiation to determin¢he direction for projects with

a longterm warranty.



20 HIGHWAY CONSTRUCTION PROCESS

2.1 GENERAL REMARKS

The potential benefits and problems associated with Usinggterm performance
warrantiedor roadway costruction pojects can be besnhderstood when discussed in the
context of the curref@DOT roadway consuction processPresented below is an overview
of this process, followed by discussions on how each aspect will be affelctegiérm
warranties are used.diethat the currenDBB process CDOTises fomostroadway

construction is similar to that used by many stated@sal agencies.

2.2 OVERVIEW OF THE CONSTRUCTION PROCESS
2.2.1 DesigrBid-Build System- The primary participants in a typical state highway

construction project aréhe contracting agency (CDQTthe contractor, and a
suretybond company. A prog typically is initiated by CDOTwvhen a problem is
identified that requires some type of caastion activity to resolve. CDOfleviews the
problem ad develops @ in-housedesign solutionA bid package iden assembled that
describes:

1) Thefacilities to be constructed

2) Special requirements assated with the projert

3) Based upon historical knowledge aaxperienceCDOT will recommend

materials to b usedand

4) An incentive or disincentive will be applied to the percent within limits of the

specified target value.

Public notice is given regardirige intention to build the project, and the bid
package is made available to any interested party. Ctorsanterested in working on
theproject prepare detailedcost estimatéor all work to be performethat includes a
bid item for warranted paveme@DOT reviews these bigroposalsand avards the
project tothe lowestesponsibléidder who complies with all of the requirements
prescribedl). These reguements typically includéondingsecured by the contractor
for the project in an amount equal to 100 percent of the construction costs. In the event
that the contractor is unable to complete the ptpfee bond is forfeited to the state,
and the proceeds are used to finish the project.

Oncethe project is awarded amgbrk beginsmonthlypayment isnade to the
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contractorcorrespondingo the amounof the project completed at any given time.
Incentive or disincentivas assessed for the percent of materials within the specified
limits for elements such @snoothness, asphalt cement content,iaypdacedensityfor
hot mix asphaltlMA) pavemenbr smoothnesghicknessand flexural strength for
portland cement concrete pavemdPCCB. Full payment is typically made shortly
after the prgect is completed and after CDQ@ifrees that it was completed in
conformance with the plarand specifications. In several statbge contractor is
subsequently liale for any defects discovered in the finished product related to
materials and workmanship for a period of one year after the projeampleted.
Usually, CDOT assumes full responsibility for any subsequent mainteramte

rehabilitationrequiredafterthe project is accepted addring the life of the roadway.

2.2.2 DesigrBuild System- Compared with the tradition&8BB project delivery

method, thédesigrBuild (D-B) offers potatial time and cost savings-B projects
combinedesign and constructigrthases of a project into a single contthet also

includes performance bonds secured by the contradic reduces costs without

reducing quality, since construction can begin while the plans are still being developed.
Since the DesigiBuilder is respnsible for both desigma construction activitieshe

potential for cost increases due to design errors, and/or for discrepancies between design
plans and construction activitiesreduced.

D-B contracs can be awardely CDOTon the basis dbeingeither "low-bid" or
"bestvalue" which is an important advantage. WHiil@wv-bido basisis used for most
traditional contractsibestvalued selectionprocesgermits the conderation of
additional factorsuch asexperience, qualifications, innovation, lhe@ccal approach,
quality control methodsand project management. Often this can reduce costs as well as
increasegprocess and/or produguality. With this systemCDOT does not have
incertive/disincentivespecifications for material qualitydfowever, quaty processes are
monitored for conformance to the contract requiremelmtshe event that the contractor
is unable to complete the project, the bond is forfeited to the state, and the proceeds are
used to finish the projedDnce the project is awardedd work begingnonthly
paymens are made to the contractmsed on a mutual understanding of how much of
the lump sum work was completedrrespondingo the amount of thproject
completed at any given time. Full payment is typically made shortlythieproject is
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completed and after CDOT agrees that it was completed in conformance with the plans
and specificationgCost and schedule reduction along wd#dtreasedtigation

associated with BB project delivery have been reported

2.23 Public Private Partnership (PPP)- Public private partnerships aae integrated

partnership that combines the design and construction responsibilibeB of

procurements with operations and maintenance. These project components are procured
from the private sectonia single contract with finanwy secured by the public sector.

With a PPReontract, a private entity is responsible for design and construction as well

as longterm operation and/or maintenance servitgpes ofPPR currently used by

CDOT are as follow

A DesigriBuild2aviaintain (DBM). This processs similar toDesigrfBuild
except the private sector also maintains the facility/system. The public
agency retains operation of the facility.

A DesigriBuildZDperate (DBQO)This processs similar toDesigriBuild. Upon
completion, the title to the facility/system is transferred to the public agency
while the private sector operates the facility for a specified period of time.

A DesigriBuildZDperaté@Vaintain (DBOM) The public agency contracts with
the private sectootdesign, build, operate and maintain the facility/system
for a specific period of time. At the end of that period, the operation and
maintenance are transferred back to the public agency.

A DesigriBuildZFinancéperatéMaintain (DBFOM) The public agency
contracts with the private sector to design, build, finance, operate and
maintain a facility/system unded@gderm lease agreement. At the end of
that timeframe, operations and maintenance will be provided by the public

agency.

All PPPsnclude longtermperformance guarantees fofixed price.The public
sector secures the project's financing and retains the operating revenue risk and any
surplus operating revenughe advardge of the PPBystemis that it combines
responsibility fo usually disparat&unctions (lesign,construction, and maintenance)
under a single entity. This allows the private partners to take advantage of a number of

efficiencies. The project design can be tailored to the construction equipment and
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materials that Wi be used. In adition, the PPReam is also required to establish a long

term maintenance program up front, together with estimates of the associated costs. The
team's detailed knowledge of the project design and the materials utilized allows it to
develop a tailored maienance plan that anticipates and addresses needs as they occur,
thereby reducing the risk that issues will go unnoticed or unattended and deteriorate into
much more costly problem$he potential exists to reap substantial rewdrgsitilizing

the integated PPRystem if CDOTtakes great care to specify all standards to which

they want their facilities designed, constructed, anohtaimed.

With a PPRorocurement, CDOTelinquistesmuch of the control they typically
possess with more traditional projeetivery. Unless needs are identified up front as
overall project specifications, they will not generally be met. This is important, because
from design through operation, PBéhtractan CDOT extend for periods of up t@3
years or moreOn US 36, Pleng Roads Denver is the PPP, or concessionaire. They
designed, built and financed Phase 2 of US 36 Express Lanes, and wile @greta
maintain US 36 along witthe [25 Express Lanes for 50 years. CDOT has specified
maximum thresholds for various distressiegat CDOT will acept prior to taking back
responsibilityat the end of their contract.

While some state and local authorities are considering PPPs for the operation and
maintenance of existing toll roads, many are turning to the private sector topgjevel
design, construct, finance, operaad maintain new transportation capacity and capital
improvements. Some states, such as Texas, VirgindFloridaare farther along than
other states in developing programmatic approaches to using PPPs fartjesss,
but the variety of states that are currently considering PPPs, and the variety of structures
that these states are considering, demonstrate that PPPs have become, in some places, a
preferred approach for funding and delivering neyacity and gaital improvement
projects

2.2.4Construction Management/ General Contract System(CMGC) - The

construction managemegéheral contragtroject delivery method consists atwo
phasedesign and construction.

Contractors interested in working on BMGC project prepare detailedcost
estimatefor all designwork to be performedihen CDOTconsiders the design
complete, the construction manager then has an opportunity to bid projibet based
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on thedesign and schedule. If CDQthedesignerand ind&pendent cost estimator
agree that the contractor has submitted a fair price, the owner issues a construction
contract ad the construction manageecomes the general contractor.

The CMGC contractor acts as the consultant during the design process awifiecan
constructability and pricing fedack on design options and identifiesks based on the
contractor's established maasnd method©nce theCMGC project is awarded and
work beginsmonthlypayment is made to the contractorrespondingo the anount of
the project completed at any given time.

This process also allows CDQ® be an active participant during the design process
and make informed decisions on design options based on the contractor's expertise.
this system, CDOToes not have inogive/disincentivespecifications for material
quality. However, quality processes are monitored for conformance to the contract
requirementskull payment is typically made shortly after ghject is completed and
CDOT agrees that the projegas compleéed in conformance with the plans and

specifications.

2.2.5Considerations forLong-Term Warranty Specifications - Almost every step

f oll owed current @pr@chdasmajority ofhighway construction projects

will be altered to some extent if exigg construction contracts are replaced with
contracts whose specifications are tietbtoy-termperformance of the roadway. These
changes will not only be confined to the obvious areas of contract specifgatid
warranty period, but changesay alsadbe made in the manner in which the projects are
bid, reviewed, and awarded. Further, changes may also be required in the manner in
which these projects are bonded. Therefore, a review in more detail of how these
activities are currently performed is an ionfant consideration when evaluating how
they may be changed. Such a review is presented below, followed by a discussion of

how these activities will be affected by usmpng-termwarranty approach.

2.3 TECHNICAL SPECIFICATIONS

2.3.1 General Remarks Several types of technical specifications are used on highway

construction projects, and various aspects of a single project may be covered by

different types of specificatis. On state projects in Coloradiodependent of the type

of specifications usedhe contractor is typically hired to execute a degiggpared by
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CDOT engineer®r consultants hired by CDOThe contract specifications are directly
related to the execution of the design, rather than to the use ohtteucbed facility.
The featurs of the project covered by the specifications are those that have been
identified from engineering principles and/or experience to correlate with a finished
roadway thawill serve its intended purpose over thesign life. These specifications
range fromdictating the specific manner in which work is @ ferformed, to jughe
physical characteristics tfhe final productThe form and content of these
specifications hae devebped over several decadmsdcontinue to evolve witlhegard

to advances irechnology Thus,the contracting agencies, contiast and the bonding
companiesare understandably comfortable withgbespecifications and contracts

becausehe technical and administrative requirements acevknto work well

2.3.2 Current Contract Secifications- The pecifications currently used in

highway construction projects can be grouped into three broad categories:

1) Methods Based The contract specifies the exact construction procedure to be
used in building the roadway. Contract compdias judged based on properly
following those procedures.

2) Material Properties &ed The contract specifies various properties that the
finished product (and/or interim products) must possess. Contract compliance is
judged based upon achieving theseperties, independent of the construction
approach used.

3) Methods and Material PropertiBaised- The contract specifies tmethods to
be used and/or the teaial properties to be deliveredpooduce the best

possible final product.

Methods based sgifications araised in situations whethe scientific reason that a
particular producteatureperforms betteritan others is uncertain, hatknown from
experience that if a specific procedure is follon@dthat if a specific ingredient is
used, thdinished product will probably perform as desired. An example of a methods
based specificatiors the specification used by CDQ@dr overlayinga pavementising
gradirg SX HMA (2). The fundamental intention of the specification is to provide an
overlay that will safely carry traffic over a long service life. The specification, however,

never mentions the requirement that the overlay needs to provide a long and useful
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servicelife. The specification stateéke explicit procedure to be used by the contractor
in placingsuch oveiays (temperature limitatiohsBased on experience, tlpsocedure
is known to correlatevith good overlay performancever the service life of the
pavement

Methodbasedspecifications have blotadvantages and disadvantages. Tdrey
attractive fran an administrative perspectiirethat contract compliance is easily
determined and the contract term, limited to the time of construction, is relatively short
compared to the expected service life of the fisHHMA product generally Dto 15
years. These specifications do requhat CDOT observe constation operations to
insurespecified procedures are being followed. Pphienary disadvantage of method
based specifications is that the contractor has no opportunity or motivationravémp
the construction process or the final constructed product. Contractually, the successful
completion of a project by a contractor is independent of the subsequent performance of
the roadway.

Once againthe underlying objective of thespecificatios areto obtain an overlay
that will satisfactorily carry trditc over its service life. @Gntract specifications, however,
are presented in terms of pavement density (and other parameters of this type) which are
known to be related to the subsequentrtem performance of the roadway.

Material property based specifications offer many of the same advantages as
methods based specifications. Contrachpliance is easily determinaehd the duration
of the contract is limitedbtthe time of constructioMaterial property based
specifications also offer some opportunities for contradimbe innovativevith respect
to the construction processes used to meet the required material specifications. Note,
however, tlat while encouraging innovatiothese specificains still provide no
opportunity or mavation tocontractos regarding the outcome of the final product

The effectiveness of material property based specifications can be compromised by
properties of the finished produtiatare most indicative ofong-termperformance
compared to which properties can reasonably be measured during construction. As the
understandig of pavement behavior increasestrumentatia and other technologies
expandthus, the parameters changlese changs, however, tend toe graduaand
the fundamental basis for these types of specifications remains the same. Thus, the
historical justification and the level of risk associated with these specifications are
recognized by the various parties involved in the construction oces
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Some construction activieare specified in terms of method as well as material
properties This approach is used when certain aspadise behavior are known to
correlatewith measurable properties of the material, while other aspects of thedrehavi
are only known to be produced when specific construgonedures are followed.
Currenty, several CDOT processes useombinationof methodand material property
based specificationshich may yield the bestnd results. For example CDOT
specifiations describethe minimum surface and air temperature to be followed in
placingan HMA overlay using grading Sxndthec o n t r eequiremnengsfshe

overlay is placed belominimums.

2.3.2.1 Incentive/Disincentive Bgram. Since 1996, CDOT has iaporated

material property based specifications vathincentive foperforming quality work

or a disincentivef the contractor provides substandard warkese specifications

are appropriate in situations where the kbeign performance of the roadwisy

known to be correlated with some property of the roadway as measured at the time
that it was constructed. Such correlations are generally established based on
engineering principles and/or experience. For example, on an overlay project,
CDOT specifiestie required density of the completed overlay, without specifying
the particular compaction prasere to be used to achieve thensitybetween a

lower and an upper satisfactory limlthe implementation of percent within limit
(PWL) specifications for HMAIs being advocately the Federal Highway
Administration(FHWA) as an improved method for assessing quality over other
moretraditional methods utilizing mean valu€3/\L specifications date back to the
1950s, when they were used by the military, and thene firstapplied by the New
Jersey Department of Transportation in the 1970s. The advantage of the use of the
PWL is that it combines two important statistical measures, meastamdard

deviation, in oe parameterA synthesis published by the Natidi@ooperative
HighwayResearch Program in 2005 shows that 27 out of 45 state agencies surveyed
now utilize a form of PWlspecifications.

2.3.3 Considerations folLong-Term Warranty Specifications - Under an idedong-

termwarranty contract, the contragpecifications are expressed directly in terms of the
performance the roadway is expecteghtovide once it ifn service Production
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methods and intermediate performance requirements are not specified as part of the
contract. The specific design, constian procedures, and material properties of the
completed roadway are of nominal interest to the egtitrg agency. The basic
expectation of adequate servicehat the roadway will provide a smooth, safe ride for
an agreed upon period of time for ataer volume of traffic Historically, a 20year life

has been targeted in HMgavementesignanda 3Gyear life in the design of PCCR.

is generally accepted that the level of service provided by a roadway will decline with
useuntil a condition is redeed at which majorehabilitationis necessary. Bad on this
consideration, warranty specifications wdedined to providesatisfactoryong-term
performance with respect to ride quality and safety at various times throughout the
expected fie of the rodway. Issueaddressed in developing CDQ@pecifications
included:

1) What performance parameters will be used to quantify and measucgiaility
anddistresse$or determining warranty compliance

2) How the acceptable values for these parametergiaigaages of theoadway
will be measuredand

3) Suggested remedial action if the parameters are exceeded.

Considerable work has been ddmeotherson developing the International
Roughness Index (IR1) asmeasure of pavemesihoothnessrhis index is ckulated
by analytically running a standard "vehicle" over the measured longitudinal profile of a
roadway and assigning a numetlicalue to the calculated "ride IRI values range from
0 to 400 for perfectly smooth to rough surfaces, where rougimipaed to agravel
road.

Independent of the specifiistressndicators selected for evaluating warranty
compliancetheacceptable and achievalidwels for these distressas a function of
pavement age and volume of traffiere determined. Acceptable &g of distressvere
determined by reviewing the historical prhance of existing pavements. Despite our
best abilities to predict traffic and climatessigninga pavement that will mespecific
levels of performancéntough time is a challeng&he rédationship between th20-year
designlife and actual performandiée before the first rehabilitatioaf typical CDOT
HMA pavementgonstructegrior to1992is illustrated in Figure (3).
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Figure 1. Historical Rerformance 082 HMA Paving Rojects witha 2Gyear Design Ife.

Referring to Figure, lit wasevident thatvhen CDOT developedhé warranty

specificationsthere wasome risk that a p@ment designed usiragcepéd engineering

proceduresvill not meethe level of performance ovéme without rehabilitation

However, another study of the performance life of HMA pavements designed with a 20
year life was conducted by CDOT in 2014 and shown in Figure 2. In the 2014 study, 42

HMA pavement projects constructed throughout the state between 20@R@hwere

analyzed and the average life before the first rehabilitation was determined to be 11.4

years(4).

This increase in performance life could be attributed to factors such as:

T
T
T
T
T

Improved awareness by the contractors for quality cgntrol

Improved tehnologies in the design and production of HMA
Requirement for all CDOT testers to be certified in sampling and testing
Improved technologies in the laydown and placement of H&MA

Implementation of the Incente/Disincentive specifications.

Basedon the 2014 study by CDOT, the performamcé s k may not eXxi

marketplace.
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Figure 2. Performance of 42 HMA Paving Projects with@€ar Design Life.

Thelevel of riskwas determined in two ways:

1) BasedorCDOT 6 s p managememt tatthe required péormance is such

that a reasonably designed pment would have a minimhvel of distressand

2) A contractor could set his target level of design performance sufficiently high

that the risk of nodvelohgedornmnoegvoulDeOTO6s r equ
minimized

Both of the above strategies have drawbacks. Under the first strittégincentive
may existto develop new and innovative desgpiutions for roadway projects

At the otherextreme, efforts might be made to improve the bdiig of the design
process salower performance level could be consistently obtained with a less
expensive facility. Use of the second strategy will insure that an excellent roadway is
constructedHowever, initial costmay be unacceptably high, ag tlbadway would be
ovelly conservative in its construction.

Despite the ative concerndpng-termperformance specifications potentially offer
several advantages over other types of roadway construction specifications. Perhaps the
greatest potential benefs qualitative in nature and consists of a possible change in the
manner in which contractors approach project tasks. Unideig-termwarranty
system, construction tasks will be accomplished with a view toward providing a good
and durable roadway, rahthan tasimply meet prescriptive standards on construction
methods and materials as given in the contfamtexample, 0 a warraty overlay

project,the contractoshould at least achieviee taget compaction level of theurface
-17 -



sothe finished fadity will performadequatelyluring the warranty period. Tharget
compaction level will beset by the contract@s part of their design of the overlay
project.

Thelong-termwarranty approach allows contractors to have the opportunity and
motivation toemploy efficient and innovative design solutions and construction
practices in addressing project requiremeftklitionally, design procedures,
construction methodologies, and quality control activities that do not directly contribute
to creating qualityoadways willbe eliminated and/or replaced by more efficient
processes.

Under aong-termwarranty system, the state will not have to engage in extensive
oversght/quality assurancactivities during roadway constructidfor example, ensty
requiremerdg on thesuiface of an overlawill no longer be part of the contract
specifications. If the contractor believestaslt density is important tmeeting
warranty performance requirement# will be incumbent upon theto performdensity
tests during coreuction. The stataill have to monitor the perforance of the roadway
during the warranty period to determine contract compliance. Sucharmogitonsiss
of annual inspections during which quantitative data on longitudinal profile, rut depth,
extentof cracking, etc. is taken. CDOT already perfethese types of tasks am
annual basis as part of thavement management program

The intention of théong-termwarranty approdtis tohold the contactor
responsible for theccurrencesf unacceptableandtions inwhich theyhavesome
controlover. If, for example, the volume of traffic or composition of the traffic stream
changes significantly over the wanty period with respect tesign requirements
originally provided to the contractor, the corta will not be held responsible for
repairing subsequepivement damage. Thus, CDOT monitaradfic on warranty
projectsusing weighin-motion (WIM) stationssothatnecessary information on wohe
and type of traffiavasavailable This way bothCDOT and thecontractor can
determine if, and/or when, the warranty htigxpire.

In situations other than the typaescribed abovestablishing the degree to which
the contractor's performance is responsible for observed pavement damage may be
difficult. Considera situation in which rutting problenagvelop on avarranted
reconstruction project. If the scope of the project did not include rehabilitation of the
sulgrade and problems with the sgkade were responsible for subsequent rutting
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problems, the antractor might not be responsible for the damage. The distress in the
subgrade, however, could have resulted from an wahelgned or pody constructed
base andurface, which are features of the project within the contractor's control.
Establishing bdt the source(s) of the observed distress and the degtee of t r act or 0 s
responsibilitymay require considable investigatory effortMechanisms have been
developedo allow for the expedient and consensual resolution of differences of opinion
regarding waranty compliance between the cadior and the CDOT

The consequence of failing to meet tonditions of the warranty amecluded as
part of the contract spifications.CDOT expects the contractor to beompt and
effective in providingan acceptablkevel of service to a roadway that is in Aon
compliance with warranty requiremsrnthese expectations &ftdly stated in the
contract provisions.

A distinct disadvantage ¢dng-termwarranty specitiations is the prolonged
contract agreemen€CDOTO everhead costs associated with contract administration will
be incurred over a relatively long periofitime compared to the present system for
roadway construction. For the contractor who was awarded the contract, the possibility
of suffering a substdial financial loss will existhroughout the extendedarranty
period. Outstanding arranty obligations may affedte ability of contractors to obtain

bonding for new projects (see Section 2f6r2more informatioh

2.4 BID PROCESS AND AWARD OF CONTRACT

24.1 Current System- In general, project announcements are ngadgicly, and any

contractor can bid on a project whose dollar value is commensurate with the
classificationof their contractor's license. Noteaton federallyfunded projed, the
contrac¢or must have a license befataring work. Presuming various requirements
specific to the job are mehe project is subsequtly awarded to the low bidder to
the most qualified bidder on Desiuild projects One such requiremerst that the
contractor securea performance bond in an amount equal tactis of construction.
CDOT employsa formal pe-qualification process whereliyddersmeetthe

requiremerd of bonding (see Section 2.5dr more informatioih
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2.4.2 Considerations folLong-Term Warranty Specifications - In evaluating bids

since the end product is the same, it is fairly sinipldetermine the recipient of a given
contract Evaluation of the bids submitted under a warranty approautt idssimple.

The proposed physical prodwtuld vary significantly among bids, as contractors
pursue different strategies in providing a roadway that will noegttermdemands.

For example, on a simpleMA reconstruction project, contractor "A" may propose to
use a moderatglhick base and &in surface made withxotic asphalt concrete and
contractor "B" may propose a thick base ankiek asphalt concretgurface In each
case, the contractors maymay not propose to do annual maintenance over the
warranty period.

The simpé solution tohis dilemma igo take the low bid. Theontractorand
bondingcompanyguaranteeghe design, and they are obligated to perform remedial
work if it becomes necessary. This appioatay be somewhat irresponsiiiiéhe
design proposed by thewdbidder is griously flawed. ldwever, the qualifying low
bidders design is checkeghd awardetty CDOT prior to the contractor placing thigl,
CDOT is taking some level of responsibility for the contractor's desigrerius
dilemma is created by thegpproach, ad defeats one of the primary goalslofgterm
contractingwhich is making the contractor responsible for the performance of the
roadway, at least for a portion of its life.

A second solution to this problewasto place constraints on the approach to be
followed by the contractor in meetitgng-term performance requirements. For
example, the stipulation was made that plaeticular project must be constredtwith
asphalt concrete. Thagpproach, however, may seriousbympromise one of the
benefits othe warranty approach. That is, the contractors will not be as free to bid a
project using the methodologlgey feel is the most appropreaénd cost effectivio
provide the required service of the roadway.

A third solution to this problem may be use alifferent metric to determine the
lowest bidrather than usinthe lowest total project costor exampleFlorida let a
demonsration desigrouild project in1990, in which the contract award was based on
the low bid per unit of quality offerg). A technical panel reviewed the proposals
prepared by each contractor and assigned them a score between 0 and 100 based on
technical merit. The cost per unit of quality offered was calculated as the total bid cost
divided by the numerical technical score of pineposal. The job was awarded to the
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contractomwith the lowest cost per technical quality point. In this specific instance, the

low total dollar bid was not theuscessful bidder on the project.

2.5 BONDING PRACTICE

2.5.1 Current Roadway Construction Bading Practices- Bonding is used on

roadway construction projects to protect thelmuinterest in the everhe contractor is
unable to complete a project according to specifications., M@tthis form of bonding
provides no protection to the pubtegarding the pesfrmance of the roadway over the
design life. Thébond process simply insurdge roadwaywill be completed according
to thedesign. Ay flaws related to materials and workmanship reveadiguhg
constructions repared by the contractoff the contractor is unable to complete the
project as specified in the contract, the bond will be forfeited and the proceeds used to
finish the project.

In entering into a bond agreement with a contractor, the bonding company implicitly

indicates that,n their opinion and within their acceptable level of risk, the contractor
will be able to successfully compdehe project. Surety companesaluatecontractor's
equipment, experience, and outstanding level of bonds before entering into a bond
agreement Thus, adords are required on all major CD@®dntracts (in an amount
equal to the estimated project co#ite bonding requirement effectively insucagy
"qualified” contractordid on projects. ”sumingCDOT concurs with the criteria used
by the bondhg companies in their screening process, bond companies handle the
a g e n'pre-@ualification process".

Bond companies have a reasonable idea of the risk associated with their job under
the present system of roadway constructionremting. The systemas been iplace
long enoughthat the type of work to be performed is well untteod, the ability of
contractorto meet the contract specifications has been historically established, and the
administrative details dhecontract process have been deteedi The period of

exposure is limited to thehysical completion of the project.

2.5.2 Considerations folLong-Term Warranty Specifications - Major issues

addressed sindeonding has beensed on longermwarranty roadway construction
projects include:
1) Limiting the risk of failure fothetype ofproject given thénistorical
-21-



performanceBond companies need bave some idea of the rigk theventure
they are underwriting.

2) Determinng whatremedialaction will be required if the wamnéy specifcations
are not met ana/ho will detemine wha these remedial actiosse Bond
companies need tmave an idea of the magnitudefioiancial obligatios they
andthe contractor could face.

3) Creating mandatorgre-bid meetings with contractors in Cola@to ensure an
understanding ahe desigrand quality control effds necessary for these
projects

4) Allowing various bonding scenarios so thatime goes bythe ability of
contracors (and/or the bonding compani&s obtain bonding for new warrant
jobswill not be compromised blyaving multiple projects withactive warranty
bonds.

These concerns weaeldressed olong-termwarranty jobs to "protect” the public's

investment. Sucprotection has begmrovidedby usingsome form of bonding system
similar to the current one used, loy withholding some of the payment for the project

pending its satisfactory performance during the warranty period.

C D O Tdursent solutiorto the problem of using up the bonding capacity of
contractors undealong-termwarranty system ir the contractor to increasiee
bonding capacity. This action magsult inan increase in bond costs sirmnding
agents would be forced to increase their rates due to the reduced probability of
recovering their costs in the eventeoflefaul usingac o n t r assetsoQthéraypes of
solutions to the bonding capacity were eaploredb y C D O T-tesn wharamiyask

force.

2.6 PAYMENT SCHEDULES

A variety of optionsvere reviewed by the task force tbe issiance of payments

for warrantyprojects. Consistent with current practice, fundddog-termwarranty based

contracts aréistributed to the contractors pieceahas the work is completed atiee

stipulations oflhe contract are met. A bondpgssted to guarantee any reméavark

required dung the warranty period igerformed.
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3.0SURVEY OF EXISTING LONG-TERM WARRANTY CONTRACT
PRACTICES

3.1 GENERAL REMARKS

Warrantingthe long-termperformance of roadway construction projetases back
to 1889(6) andis not a new idea the United State$n contemporary times, transportation
agencies in various European countries have taken the lead inargigrmwarranties.
European experience with these types of contracts dates back at least two decades, and their
use is now caimonplace. Experimentation and adoption of this type of contract has
historically been less aggressive in the United States and Canada.ltJsgtefm
warranties has been increasing in the United Ssates the late 1980 as innovative
contracting proedures have been implementedireffort to provide the public with better,
moreeconomical roads. As of 200§ix staks have been identified asingwarranty
contractswith a performance life greater than five yeanspilotroadway construction
projects (7). Additionally, long-termwarranties are offered by at least one major company
in the United States on roads that they construct.

Representatives of the highway construction industry in the United States toured
Europe in 19901992 and again in 2Q{8)(9) to observe their roadway construction
procedures with respect technical approaches and business practices for both flexible and
rigid pavements. A summary of their findings with respect to contracting practices from
these tours is found in TabB.1. The countries visited by the tour included Austria,
Denmark, France, Germany, Norway, Sweden, and the United Kingdom. A number of
European practices, including wanties, were identified by the tourstpepants as

potential practices that couilchprove theguality of roadways in the United States.
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Table 3.1European Warranty Practices

Country Structural QC/QA Warranty | Warranty
Design Period Terms
Austria State Approved| Contractor 2-5 years | Warranty Bond
Denmark State Contractor 5 years min| 5% Retention
France Contractor Contractor 10 years Failures Rid by
Contractor
Contractor
(within state QA - State i 0 .
Germany established QC - Contractor 4-5 years | 5% Retention
limits )
0
Norway State (usually) | Contractor 3 years éir? dWarranty
Sweden Joint Contractor 3-5 years Failures Rid by
Contractor
United Kingdom| State State 2-5 years Failures Rid by

Contractor

The political, social, and econongtmatein addition to tle transportatiometwork

is different in Europehan inthe Unied States. Thereforadoption of the European

warranty model wagsot appropriate foEDOT. However the models were used by the
task force to assist in writing specificatiomsfferences in the construction situatiion

the United States and Europelude:

1) In Europe, government and industry closely cooperate in the purguafy,

and any increase in net construction costs associatedwattollaboration is

accepted.

2)

and development than in the Unit8tates.

3) While contracts are awarded competitively in European coungjoegrnments

Theconstruction industry in Europe is much more actively involve@search

are able to restrict these awsitd well qualified contractors.

4)

In many European countries, the government is able tdiatgthe priceand

scope of effort on constructiamork during the warranty ped.

5)

litigation, as is usuallyhe case in the United States.
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All the European countries listedbove, with the exception of the United Kingdom,
offer long-termwarranties on roadway construction projects. Typical warrantggse
range from twoyears for an unbourohse course without a wearing surface in Austria,
to 10 years for roadway projectskrance

3.2EXPERIENCES IN THE UNITED STATES WITH LONG-TERM WARRANTIES
3.21 General Remarks- The use ofong-termwarranties on roadway construction

projects is much less prevalent in the United States than in Europe. The various
participants in thdighway construction process (from the state DOTS, to contractors, to
bonding companies) have been reluctant to change the existing process for contracting
such projects, which is known from long experience to generally produce an adequate
product. The byvadening oFHWA, Special Experimental Program Number 14 (SEP
14) in 1991 to covdong-termwarranty projects resulted anincreased interest and
activity in the United States regarding the use of such contracts on roadway construction
projects. SEP 1#as initiated in 1988 with the intention of stimulating innovation and
experimentation with highway contracting practices in the United SteEBesContracts
that includedong-termwarranty provisions origily were ineligible for th@grogram;
as such mjects potentially would incorporateng-termmaintenance activities, which
cannot be paid for using federal funds. The Intermodal Surface Transportation
Efficiency Act of 1991 allowed federal aid projects tovearrantedor the first time,
with SEP 14as the means of implementing contracts incorporating such warranties.
Presented in Table 3.2 are descriptions of some of the first warranty projects
initiated under SEP 14 in the United Statemns that have been subjected to warranties
include pavemenmnarkings, chip seals, micurfacing, asphalt concrete overlays, and
new asphalt concrete construction.
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Table 3.2 Lead StatesUsing Pavement Warranties

. Year | Warranted | Warranty | Warranty
State Type of Project Began| Behavior Period Terms
E E:ﬁgﬁ] Monetary
AC Overlay on a PCE 1992 'ng 3-5 years | Retainment A
California 1 Flushing Bond
9 Delaminatiorn
Chip Seal 1991 Chip Loss 2 years Unknown
1 Rutting
Partial Reconstructio 1 Friction
Wisconsin (AC Overlay on 1995 | § Longevity 5 years Bond
Granular Base) (pavement
distress)
1 Ride Quality
1 Rutting
Indiana AC O‘;,e”ay on a PC( 1995 | § Skid 5 years Bond
avement :
Resisance
1 Cracking
1 Ride Quality
Monetary
Michigan AC Overlay on a PC( 1997 T Sl_Jrface 5years | Retainment
Pavement Distress + Bond
1 Rutting
1 Rutting
New PartialReconstructior] 9 Friction
Mexico + New Construction 1997 1 Ride Quality >20 years Bond
9 Distress

3.2.2 Use of Warranties in the United Statek Since the inclusion of lorterm

warranties into SEP 14, several DOTs have sought to ensure the qualitygofluelsl

projects through longerm warranties. The use of pavement warranties on various types

of construction projects has gained some interest in the United States. From the eight

states that originally piloted warranty specifications under SEP 14tdongwarranty

roadway construction projects have been piloted by at least 21 states since 1991 with a

summary presented in Table33.
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Table 3.3 Pavement Warranty Period by State and Type

State HMA Pavement PCC Pavement Comments

California 3-5

Colorado 3,5,and 10 5and 10

Florida 3 5

lllinois 5 5

Indiana 5 5

Kansas 5

Kentucky 10 10

Louisiana 3 3

Maine 5

Michigan 5 5 Reconstruction and
Rehabilitation
projects

Minnesota 2 3

Mississippi 517 10

Missouri 25

New Mexico 20 20

North Carolina 2 Surface treatments

Ohio 317 7

Oregon 3

Tennessee 5

Virginia 20

Washington 3i5 3i5 DesignBuild
projects only

Wisconsin 5

3.23 California - The California Department @ransportation (Caltrans) awardede

of the early warranty projects under FHWA's SEP 14 program in 1991. This project
involvedwarrantingchip seal projects with respect tagihetention under traffic loads
Two separate rehabilitatigorojectsin the Reddingand San Diegdistrictswere
constructedunder FHWA's SEP 14 program

The project in the Reddingifrict, also know as the Sims Project, was asphalt
concrete overlay of a twmile "cracked and seateBCCPsection on Interstate @1).
The project ha@nlO-year design life, withhe first five years oflong-termperformance
covered by a warranty on rutting, raveling, flushing, delamination, and cra@dng
Ten million, 18kip equivalent single axle loadE$ALS) were projected over the five
year warranty period. The durationtbe warranty period was selectedia¢ years
"because there have been pavement failures in ¢timatyiof this project in the fst four
years."
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Two Redding California contractors (W. Jaxon Backer, Inc. and J. F. Shea Co.) bid
the project jointly. Oneantractor took responsibility for the northbound lanes; the other
took responsibility fothe southbound lanes. The contractors were given considerable
latitude in the roadway design. Caltrans did specify the maximum aggregate size, the
numberand thicknes of HMA lifts (two 1.8inchlifts), and the asphalt grades for each
lift. The first lift involved the use of a densajyaded asphalt concre®acific Coast
UserProduced Performance Based Asphalt Grade 6 (EB#ith amaximum
aggregate size of omech. The second lift was a gap gradeibberized asphalt concrete
with an 85:15 to an 80:20 blend of Asphalt Rubber (AR) 1000, AR 2000, or AR 4000
and a replasticized granular rubber from tires and a maxinaggregate size of one
inch. The two contractors saited different mix designs and separate eggpe and
asphalt sources.ddtractors were required to verify the acceptability of the mix designs
using an independent party. Quality control testing during construction was the
responsibility of the contraats, but they were required, at a minimum, to follow
Caltrans quality control procedures.

Itemsincludedin the warranty contract wergeutting, raveling, flushing,
delamination, and cracking. Defiions of each of these distresses were written into the
contract, with threshold levels of acceptable performance establishedtbgnSaFor
example, during the fivgear warranty period, ruteghths were not to exceed 0.5 inches
under an expected Ideng of 10 million 18kip ESALs(13). Unless otherwise statéu
the contract documents, the required refmiwarranty problems was to remotie
affectedmaterial to a depth of 1.8 inchasd replacement with rubberized asphalt
concrete. Warranty work was eccurannually, following surveys of the roadway by
Caltrans personnel. Conflict resolution was to be accomplished by the standard Caltrans
operating procedure. This procedure involves a grievance board comprised solely of
Caltrans personnel; if the findings of the board are disputed, arbitration or jadimal
is employed.

A five-year performance bond was required of the contractors performing the work,
and Caltrans retained 10 percent of the contract bid price to assure the commitment of
the contractors to meeting the warranty requirements. The retaingsl \fvere disbursed
to the contractors by Cadtns in the amounts of up to 5,45, and 70 percent of the
total amount retained after the first, second, third, aodHoears of the warranty
period, respectively. These distributions were only to beenifethe contractor fulfilled
their obligations under the warranty specifications.
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The other project performed by Caltrans under SEP 14 was the San Diega project
This project incorporated a thregear warranty period, with special provisions that
closelymirrored those of the Sims Project.

3.24 Wisconsin- The Wisconsin Department of Transportation (WisDOT), in
conjunction with the WisconsiAsphalt Paving Association (WAPA) and the FAW
began working on warranties flang-termperformance in 1994 ued SEP 14. 11995,

WisDOT awardedhree warranty projects to three different contractors. WisDOT
indicated that the groundwork for this action was laid over the previous ten years,
during which WisDOT moved away from the state specifying mix designs and
construction procedures on roadway construction projects to a system in which
contractors develop mixes and perform quality control testing under WisDOT
supervision. WisDOT was motivated to move in this direction in an effort to produce
better highways at @duced cost while encouraging innovation in both design and
construction methodologies.

The basic warranty contract instrument, and the projects it was used on in
Wisconsin, represent a compromise between the ideal provisions for a warranty job (in
whichthe contractor is allowed total freedom in construction of the project, with
contract compliance based simplylongtermperformance), used on the ideal type of
project (total reconstruction), and a contract that can be practically executed in the
exising construction and administrative environment. A brief description of the
Wisconsinprojectsis presented below.

The initial demonstration projects were chosen so as to have a high likelihood of
success. It was decided that the most suitable projeciv@d/the use of asphalt
concrete reconsiction over a granular base on tleme highways carrying medium
traffic (2500 to 450@verage daily trafficADT)). The projects involved milling off the
existing pavementrushing the HMAo a maximum size of awinch, placing this
material on an existing granular base to form a nasepand then applyingsarface
material To help minimize project variables, all the roadways had a good foundation
with existing distress levels similar at all points along thespective lengths. Thus,
while the jobs were not total reconstructions as might be preferred, initial conditions
were both uniform and good. While the contractors were allowed extensive freedom on
mix design and construction methods (in keeping with thiegophy of only being
concerned withong-term performancg the pavement thicknessas from 3 tdb inches
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and type of base (granular) were specified in the contract documents (contrary to the
philosophy of allowing complete freedom in facility dgsjto simplify comparison of

bid proposals. Other items specified by WisDOT were the location of the projects and
thecompletionschedule for each project. In keeping with the prilesipf warranty

based contracting, quality assurance was left to the camteadiscretion.

Thelong-termwarranty specifications for these projects werat|giestablished by
WisDOT, FHWA, and WAR. A five-year warranty period was established because
five years was believed to be an acceptable evaluation period to assurigya qual
product, without overburdening the contractors. The contractors were held liable for
attributes ofong-termperformance which WisDOBbelievedthey had controbver.

These attributes were chosen to be rutting, friction, and longevity, where longevity
encompasses 11 measures of pavement disisedsfined by the Strategic Highway
Research Program (SHR@}). These measures of pavementrdiss, andhe threshold
values that wouldrigger warranty repairs, are summarized in Table 3.3. Items
considereddr inclusion in the specifications that were eliminated from the final

contract include roughness, appearance, noise, maintenance minimization, and
delineation (the use of different colored material for the mainline and shoulder sections).
Reasons for onting these items rajed from the absence of prov&andard techniques

for their measuremenip to a lack of a sufficient historical dataorderto confidently
establish prformance expectations

The expected levels tdng-termperformance of the roadwahroughout the
warranty period was established by investigating the actual perform@ance o
approximately 200 miles of HMAavements placealver granular bases 987 and
1988. Threshold levels for friction resistance, rutting, and longevity were eltabis
that90 percent of the pavements investigated would meet the crAar@reviously
mentioned, lie contractors were not liablerffactors beyond their control includingut
not limited tq settlement oveculverts andESALs50 percenhigher thamredicted for
the five'year period.

Remedial actions were specified by WisDOT in the event that any threshold level of
perfomance was not met (see Table)3lacluded in the specification was the
requirement that if 30 percent or more of the total topere requiring or had received
a remedial actigrthe entire project wouldceceive the corrective action. All remedial
work in the primary service lanes was to also be performed on the shoulders.

With regard to execution of the contract, a bond wasiredjto insure that any
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remedial work necessary during the warranty period would be completed. The amount

of the bond waset at the highest reasonabi@enditures expected during the warranty

period. In this casegpair byathin overlayof 1.5 inchesvas expected to be the most

severe remedial action that would reasonably be undertaken, and the bond amount was

based on performing this "taskn Alfred M. (A.M.) Best rating of "A" or better was

requred of the bonding company andCanflict ResolutioriTeam was established to

mediate any disputes that might occur during the warranty period.

Table 3.4Wisconsin Warranty Provisions

Distress Type

Threshold Levels

Remedial Action

Alligator Cracking

10% ofthe area in a segmen

Remove and replace distress
layer(s)

Block Cracking

10% of the area in segment

Remove and replace distress
layer(s)

Edge Raveling

10% of the segment length

Remove and replace distress
layer(s)

Flushing 20% of the segment length Remove and replace distress
surface mixturdull depth
Longitudinal 1000 linear feet for crack Rout and seal all cracks.
Cracking which average 0.5 in. or lesg
500 linear feet for cracks Rout and seal all cracks.
which average greater than
0.5 inch
Longitudinal 1 % of the segment letiy Remove and replace distress
Distortion layer(s)
Rutting 0.25irch Mill surface with finetoothed
mill, overlay or micresurface
Surface Raveling | Slight rating Apply a chip seal
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Table 3.4Wisconsin Warranty Provisions (continued)

Distress Type Threshold Levels Remedial Action
Transverse 25 cracks per segment Rout and seal all cracks
Cracking 25 cracks per segment witf Remove and replace

25% of the linear feadf distressed
cracking having band layer(s) to a depth not to
cracking or dislodgeent exceedhe warranted
pavement
Transverse 1 % of the segment length| Remove and replace
Distortion distressed
layer(s)
Patching 150 linear feet of patching| Remove and replace the
per segment. surfacdayer or place a-1/4
inch overlay
Potholes, Slippage | Existence Remove and replace
Area and Other distressed
Disintegrated Areas area(s)

The team consisteaf two members each representing WisDOT and the contractors.
The fifth menber wasan individual mutually agreed upon by WisDOT and the
contractor.

A system ofannual evaluations of pavement conditions was established as part of
the contract under the wanty system. This evaluation weenducted by WisDOT
between April 15 and May 15. The survey detexlof evaluating two on¢enth mile
sections within each nei of each project. One of theections is chosen at random, and
one is to be the 0.30.4 milesection from the stadf each mile. The contractor was
given the opportunity to contest the validity of any survey to the Conflict Resolution
Team. If the prdetermined thrgholds given in the contract wemund tobe exceeded,
warranty work woulde done by the contractor, as coordinated with WisDOT.

The number of contractors that bid on these projects was judged by WisDOT to be
"limited."” Bids were receivediowever, fran competent contractors, who wexwarded
theprojecs. Elective maintenance was included by some contractors in their bids.
Overall, WisDOT estimatkthat the contract costs were fieelO percent higher than a
conventional contracting ap@oh. Thus, these projects must offer a benefit of this
order of magnitude to be cost effective.

These projects reportedly have produced an increased awareness in the contracting
community on providing longerm roadway performance as opposed to meeting sho
term construction requirements. While concerns have been raised regarding the potential
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inability of small contractors to compete on thpsgects, it is generally helthat they
will not be left out of the warranty process. Small contractors withvisiinge and
efficient ideas may have the opportunity to implement these ideas and thus better
compete with larger contractors thardenthe current system. To dat® major
problems have occurred with these proj€tg.

Wisconsindevelopd long-termwarranty gecifications for PCCP. Wisconsin
awarcedthree demonstration projects that use these specifications early in 1998. An
industry representative indicated that a primary motivation for industry moving forward
with these demonstration projects is WisDSobvious interest in this approad®).

3.25Indiana - Indiana has also experimented with warranty roadvaegtruction
projects under FHW's SEP 14. Many similarities exist between Indiapadsessem
implementing warranties to that used by Wissin. The special provisions for the
Indiana contract were developed through a joint committee of the Asphaih&aive
Association of Indiana (ARI), the Indiana Department dfransportation (InDOT), and
FHWA. Representatives from this group met with induals from WisDOT and
WAPA to learn from their experiences. The following summary of Indiana's work was
prepared from information presented by InDOT

| n D Ofirsb demonstration project, unlike the projects selected/spPOT, is on
a heavily traveled @000 ADT) section of interstate highway. The projexisisted of
rehabilitating foumiles of pavement by milling off an existing overlay, cracking and
seating the underlying concrete pavement, and placing a new asphalt concrete overlay.
While the contrator was given the responsibility of specifying the overlay mix design,
INDOT did specify that at leastpeerformance graded (P®3-28 asphalt cement be
used and the aggregate meet Superpave specifications (responsibility for transverse
cracking was retaed by InDOT due to this stipulation). Bidders were free to use the
mix design procedure of their choice (Marshall, Hveem, Superpsug, INDOT also
requiredthe contractoto perform basic quality contréesting on the project arslibmit
a quality cotrol plan to InDOT for approyaOnly the mainline pavement wasabject
to the warranty requirements (shoulders, ramps, and aatietditeceleration lanes
werenot included).

INDOT's objective in using long-termwarranty is to insuréhe motoring publiés
provided with a safe, smooth ride over the design life of the pavement. To accomplish

this objective, the contractor was required to warranty therpeance of the roadway
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for a five-year period with respetd ride quéty (as quantified using the IR rut depth,
skid resistance, and the amount of longitudinal cracking. Note that Indiana is using
significantly fewer types of distress in evaluating pavement performance during the
warranty peiod than were used by WisDOThDOT believes that rid qualty, as
measured by the IRteasonably reflects the effects on performance of several of the
distressesxplicitly mentioned by WisDOT

Acceptable levels of ride quality (IRI), rut depth, skid resistance, and the amount of
longitudinal eacking at any timeuring the fiveyear warranty period were established
after an extensive exandtion of numerous fivgear old HMApavements that were
judged to be delivering acceptable performance. Similar to WisDOT, InDOT took
contractors on a tour of severaletthesf pavement sthey could relate numerical
distresses to physical pavement condition. In general, the levels that trigger remedial
action were set two standard deviations below the observed mean performance for
existing pavements. Threshold values forwlaranty parameters are given in Table
3.4.

Annual surveyg of pavement condition weoenducted by INDOT. The contractor
can dispute the results of these distress surveys. If excessive distress is identified during
the surveys, it must be remediated bg tlontractor in the year in which it is detected.
The threshold levels of performance, however, are to be waived if Class 5 truck traffic
exceed estimates by more than 50 percent (a wetgiotion device was installed in
the vicinity of the project), thbase thickness is at least twachesless than the given
design thickness, or if the subgrade density is less than 90 percent of optimum.
Reflection cracking and stripping were specifically excluded as distresses covered under
the warranty.

The contract dcuments specify the minimum remedial actions that must be taken
based on the nature of the observetress, as indicated in Table 3Fhe contractor
does not have to follow the remedial actions listed above. However, the contractor is
expected to devep a suitable remediation plan for the specific situation encountered
and to submit this plan to INDOT for approval.
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Table 3.5Indiana Warranty Provisions

Distress Type

Threshold Levels*

Remedial Action

International
Roughness
Index (IRI)**

Alligator Cracks**

Block Cracks**

Transverse Cracks * *

Flushing**

Longitudinal
Distortion**

133 irchegmile

Based on cause of failure

Remove and replace the distressed surf
layer(s)

Remove and replace the distressed surf
layer(s)

Rout and seal all cracks

Remove and replache distressed surfac
layer, full lane width

Remove and replace the distressed surf
layer, full lane width

Longitudinal Cracks | O Rout and seal all cracks
Rutting 0.35 inches Mill surface with a finetoothed mill to
removerut andoverlay
- Friction Number of | Micro-surface distressed area for th#
Friction

25 or less

lane width

Potholes, Slippage
Areas,Raveling,
Segregationand Other

DisintegratedAreas

Any occurrence

Remove and replace the distressed are

* For each tentAmile section

** Measured within IRI

Similar to the WisDOTapproach, a bond was required to insure that any remedial

work necessargluring the warranty period woultk completed. The bond was set at

500,000 dollars, which is approximately 20qet of the initial value of thearranted

work. This bond was believed to be on the order of magnitude of theogeshdve and

replace thesurface. While this liability could exceed the value of the required

performance bond, no limit was placed onltability the contractor may have to

assume. A Conflict Resolution Team was establishedtivthkame membership as

specified by WisDOT.

INDOT used an"A+B+C" bidding process for this demonstration warranty
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project. Following this process, the bid is detbinto three components:

Part A- Consideration of labor and materials to complete the project (appears to

includeany warranty related costs)

Part B- Consideration of cost to consumers of disruption of traffic (in this case,

laneclosures).

PartC - Consideration ofong-term performance byarrantinglong-term

performance.

Part A of the bid most resembles the type of bid submitted on a traditi@uavay
construction project; &ts Band C are both new types of contract provisions being
experimenteavith by INDOT. An incentive and disincentiv@dause was included with
the "B" portion of the bid to encourage timely completion of the project. Therefore, it
was the sum of A+B that was used to determine the low bidder for the project.
Consequently, undehis system, a contractor that was not the low bidder under a
traditional contracting system may still win the contract by estimégwwgr disruptions

to traffic while completinghe required tasks.

3.26 Michigan - The MichiganDepartment of Transpotian (MiDOT) began work on
a demonstration warranty roadway construction project in December o{11B9% he
project consited of rehabilitating a 6.1 milegnent of PCCRural freeway to provieé
a 20year design life with a fivgeear warranty on certaiaspects of pavement
performance. Aontract for the project was awardadhe summer of 1996, antthe
roadway wa®pened to traffic in the fall of 1997. The project incorporated features of
both the California and Indiana approache®tagrtermwarrantes with:

1. Fewer DOT imposed fronénd constraints on the contractor's desigiation

and
2. A new approach to evaluating bid proposals.
In the MiDOT project, all aspects of the design and constrocigparently were

left to the contractor's discretion (et for he 20year dsign life and the fyear
warranty. MiDOT did not specify the metidl of base preparation, materials,

pavement type, or pavement thickness to be used. Five contractors bid the project. As
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part of the bid process, the contractors haarépare a technitaroposal outlining
their design, indicatinthe manner in which the required ride qualityuld be
achieved, and describirige quality control program they would use during
construction. A price proposal was subsequently submitteddly contractor. The
successful bidder was @emined by dividing the score RIOT assigned to ehc
technical proposal by the cegponding bid price. Thus, the basis for bid award was
the lowest cost per unit of technical quality, rather than simply thesolump sum

bid (see Section 2.4.2). The techhie@aluation criteria used by BOT to score the

proposals is given in Table 3.6

Performance during the warramgriod wasdeing measured using ride quality,
surfacedistress parameters (transverseglardinal, block, and alligator cracking), and
rutting. Similar to California, 10 percent of the contra@te (in this case, $760,000)
waswithheld, pending acceptable performance of the pavement durimgthenty
period. This amount wagturned to th contractor at annual intervals in a bacided
manner in the amounts of none after the fiesir,onepercent after the second year,
two percent after the third yedihreeperent after the fourth yar, and fourpercent

after the fifth year.
Table 3.6Michigan Evaluation Criteria

ltem Potential Points
Technical Criteria 30 Maximum
Maintaining Traffic 10
Application of Design 10
Innovation of Design/Constructability 10
Management Criteria 25 Maximum
Team's Quality Control Plan 10
Applicable Expernce of Design Team 5
Applicable Experience of Const. Eng and Inspection Team 10
Project Schedule 15 Maximum
Completed B 15
Open to Traffic B 10
Other 0
Proposed Pavement Fix 30 Maximum
Adequacy of 20year Maintenance Schedule 10
Best Optimal Degn to Achieve Minimum 20Year Design Life 20
Maximum Potential Score 100
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3.27 New Mexico- One of the most ambitious attempts at the use of warranties in the

United Stategthus far, is New Mexico's Corridor 44 Peoj. The project involveNew
Mexico Highway 44, in northeast New Mexico, from Bernalillo (near Albuquerque) to
Bloomfield. This project stemmed from economic and safety concéhesscope of
work consistedf wideningapproximatelya 110-mile section, from tweanesto four
lanes. Based omequirements bthe New Mexico State Highway and Transpaootat
Departmat (NMSHTD), the developer iesponsible far

1) Obtaining finaning for the Corridor 44 Project

2) Providing the final design ohe improvements for the Project

3) Providing construction management services in overseeingdhstruction

of the impovements to in the Proje@nd
4) Providing a warranty and preventive maintenance services for the Project

following its substantial completion and opening to traffic.

The Corridor44 Project wasnanaged on behalf the NMSHTD by an Engineer in
Responsible Charge. The NBMITD participate in the oversight in thdesign and
construction of thenpject consistent with the responsibilities of the Project

Development Contractor

The borling requirements for this project involderee phases. NMSHTEquired
an A.M. Best rating of not less than "A" for the issuing bonding compBhe initial
bonding phase was 10 million dollar prposal guarantee. This amount wesirned to
the bidderof proposals not selected within 30 days of the final execution of the
agreementThestatereturredthis bond to the selected biddsrthe same time, provided
all required documeation and subsequent bonds haeén submied. The second
required bond wasa performance and payment bond to cover the design and
construction management phases of the Corridor 44 Projeetamount of this bond
wasequal to the amount negotiated between the chosen developer and the state for these
items. The third and findoond called for by NMSHTD wasperformance warranty
bond.The amount of this bond waggotiated with the developer.

All aspects of ésign, except for the environmental and rightvay design
(approximately 30 @rcent of the total design), wethee respasibility of the deeloper.
The remaining items such danding, specification development, and design oversight,
werethe responsibilityf the state. Bidders wegiven considerable latitude in
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developng their own designs, with NMSHIX setting only someninimum acceptable
standards. For example, the pavement design life was20 pears andonsistent with
AmericanAssociationof State Highway and Transportation OfficiadsASHTO)
design standards. No limits were placed on the pavement type, aggdoauide, etc.
Developers were required to incorporate itm@ir proposathe submission of a QC/QA
andapreventive mainteance plan. These items weexviewed by NMSHTD and
weighted in the selection process.

The warranty components werg ambitious ase design freedom offered to
developes on the Corridor 44 Projeclt wasthe opinion of NMSHTDthat the market
would determine the overall length of the warranty periite minimum required
warranty wago encompass an initial mandatory fiyear period Following this base
warranty, the statehose to &tend the period an additional fiyears, and then furén
for 10 consecutive orgear extensios. Therefore, the warrangxtenedthroughout
the total 20year design life. The previolysmentioned wamnty bondollowedan
identical path, with the bond durations corresponding to the warranty lengths.

The warranty and maintenance activitiich werethe developer'ssponsibility
weredivided into threeategories. The first category of items covergadvarranty
provisions araelated to the pavement and its performance. Included in this are
pavement distresses described in SHRRS8), the roughness andtting reported in
IRI units and the surface frictidmased orthe American Society of Testingdterials
(ASTM) E27490 "Standard Test Method for Skid Resistance of Paved&s Using
a FullScale Tire' The raughness and distress indices wasebined into a Paveme
Serviceability Rating (PSRjased on the pavement management system of the
NMSHTD. Minimum threshold values weestablished by NMSHIDor this itemwith
the value decreasing as the pavement ages. Individuasdies recognized by SHRP
(19) weregiven their own individual thresholds, with distinctions made for flexible and
rigid pavements. Along with the threshold levels, redial actions werspecified for he
individual distressewith lessening threshold levels as the pavement ages.

Thesecond majocategory of warranted items wearajor structures such asidges
and their assaeated components. Itentee developer shall cover under the warranty
provisions include: settlement, design or material deficiencies, spalling, fatigue
cracking,ride ability, delaminations and patched areas, expansion joints, drainage, and
painting.

The thrd warranty category was erosion control for embankmeneesgion
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controlstructures. These structures werée designed to provide protection from a 50
year event with freeboard for a 296ar event. Therefore, a 5@@ar floodwould be
considered aactof-God.

Items covered by the warranty wenealuated jointly by NMSHTD and develape
personnel annuallyith equipment providd by the developerxgeptions to the
warrany of the pavement andajor structures were stipulatbdsed on the level of
traffic carried by the facility once it was plac@uservice If the number of Class 4 or
greater commercial vehicles exceedbd projections provied by NMSHTD, the
developer wouldhot be responsible for the distressed associated with the excessive
loadings. To obtain accurate traffic daldiMSHTD wascontractually obligated to
install weighin-motion devices along the route.

In the event dispute(s) arodgetween the state and theveloper, a twstep
process waprovided to resolvéhe dispute(s). Therkt stepconsistedf negotiations
betweerthe state and the developer. If thesgotiations dichot work the
disagreement is heard by a disgputsolution boardonsising of one member each from
the NMSHTD and the developer, and a third person, mytagteed upon by both
parties. The powers of this board are similar to those of Wisconsin and Indiana.

The method used to evaluate, selantd award the contraftr the Corridor 44
Project werelearly defined in th&Request for ProposaREP). A summay of the
evaluation ateria is presented in Table 3with a total of 520 available points.

Table 3.7 New Mexico Corridor 44 Project Evaluation Criteria

Item Potential Points

Design 160 Maximum
Roadway 50
Bridge Structures 30
Maintenance of Traffic 30
Project Development Design Qualifications 50

Construction Management 160 Maximum
Management/Organizational Capabilities 40
Quality Management Program 40
Work Plan/Schedule 20
Coordination with Agencies Ultilities 20
Community Relations/Public Infomation 20
Safety Maintenance During Construction 20
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Table 3.7 New Mexico Corridor 44 Project Evaluation Criteria (continued)

Warranty 100 Maximum
Basic Warranty Service Plan and Optional Warranty Plans 10
Duration of Optional Warranty Extensions 10
Preventative Maintenance 10
Cost 50
Approach to Securing a Performance Guarantee for the Warranty 10
Experience and Capabilities with Warranties 10

Financing 100 Maximum
Bidderts Financing Method(s) or Techniques(s) for the Entire Project 25
Methodand Cost of Financing of Construction 25
BidderGs Financial Capability to Finance the Project 20
Bidderts Proposed Method(s) for Securing its Performance of all Fing 15
Aspects of the Project
Bi d dRrapd@sad Duration for Repayment of all Ficiag of the Project 10
NMSHTD Involvement in the Achievement of Financing 5

Maximum Potential Score 520

3.28 Initiatives of Private Companies- Warranties on the lonterm performance of

roadwg construction projects have beeffiered byKoch Materias (Wichita, Kansas).
These warranties have been offered on roads constructed by the company for private
entities and local governments on private sector projkotsh Materialsoffers design,
build, and maintenance services as requested by the cliemglthtteeir "Performance
Roads" program. The warranties offered on these roadways are tailored to the needs of
the client and covea number of distresselslajor warranty project&och Performance
Roadss currently involved inncludea 15year warrantyn the Miguel Mountain

Parkway in Californiaa 20yearwarranty orthe Corridor 44 Project in New Mexico

(see Section 3.3.7)and a 15/ear waranty for the streets in Aspe@plorado The
Performance Roadsision of Koch Materials was not acquired wreamMaterials$"¥
purchasedhe company. The Koch Materials Performance Roadisibn recently

limited their involvement with longerm performance of roadway projects they

construc.

-41-



4.0 ESTABLISHMENT OF LONG -TERM WARRANTIES IN COLORADO

4.1INITIAL USE S

The first use of longerm warranties began in Colorado in 1999 on Interstate 70
extending from State Highway 26 to Floyd Hill. This project (STA 006T) was designed
to last 10 years and included a fiyear warranty on the two inch HMA overlay. Dugithe
advertisement of this project, contractors reviewing it were reluctant about the warranty on
this project. When the bids were opened, only one contractor submitted a bid for this
project. Their bid to perform the work and warranty it for five yeeas 27 percent over the
Engineerdéds estimate. Since there were | ess t|
percent above the Engi neer 0saccerdingio@aedrada t hi s |
statutes. After removing the warranty provision anddeertising, the same project
received multiple bidders and the | owest bi di
estimate.

Thesecond attempt to utilize lortgrm warranties was also in 1999 on State Highway
14 near Briggsdale, Colorado. This projesTA C036018) was a reconstruction project
with a 20year design life and included a-$8ar warranty. After the bids were opened,
three contractors had bid on this project. The lowest bid to perform the work and warranty
the project for 10 yearswas 4lrpe e nt over the Engineerdéds estin
bidders and the | owest bid was 10 percent oV«
Transportation Director had the option of adding funds to the project or rejecting the bids.
After considering theptions, supplemental funds were not added to the project and it was
not awarded. After removing the warranty provision anddeertising, the same project
received multiple bidders and the | owest Dbi dt¢
estimate.

After these unsuccessful attempts to use-k@ngn warranties, a task force to develop a
Pavement Warranty Position Paper was initiated. The task force met wattamtyp
stakeholders from CDOT amdustryrepresentative from asphalt and concrete patwing
discuss the path CDOT should pursue with regard to pavement warranties. In general, while
all three groups voiced concern regarding the use oftiermg warranty contracts, they all
indicated a willingness to develop a strategic direction for pavementniias& Colorado.

This group developed a document outlining the strategic direction which was then signed by
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the Chief Engineer of CDOIR 1999. A copy of the strategic direction can be found in
Appendix A.
As a result of CDOT dosgtgmm vearanties) &newtask forcet o pur s
wascreated in order to determiifdong-term warranties could be applied on appropriate
projects. The task force consisted of representatives from the asphalharetepaving
industries, bondingompanies, and GDT. In 2000, the task force concluded that long
term warranties would be feasible and the resulting specifications would only be used on a
very limited number of projects. A signed letter of support from 14 members of the Asphalt

Paving Association in Colado for longterm warranties can be found in Appendix B.

4.2 TASK FORCE PANEL

Several discussions have occurred with the CDOT task force panel on the general
features of longerm warranty projects, the advantages and disadvantages this type of
contractmay offer for roadway construction projects, the project selection guidelines, and
the manner in which pilot projects should be implemented. Membership on thertask fo
panel is given in Appendix.(’he substance of the general discussions of the comenoitt
the concept of using lorgrm warranties for roadway construction projects has been
included in this report. With respect to the types of projects that may be appropriate for
long-term warranties, the committee's attention focused on reconstrpoti@cts. Reasons
for considering this type of project for pilot purposes included:

1) These projects will be controlled by the prime contractor from the subgrade to
the final surface. Thus, the thickness, mix design, workmanship, and
performance would bghifted to the prime contractor.

2) These projects would allow the contractor some grounds for innovation with any
innovative changes approved by CDOT. Thus, the-teng performance would
be monitored.

During task force discussion, significamtncernsvere raised regarding:

1) The degree to which the contractor could be realistically held responsible for
the performance of the roadway, independent of the conditithre of
underlying material.

2) High costs anticipated for repairing the roadway if the warranty
requirements were not met. The cost of the remedial measures envisioned
for most excesse distress scenarios weimited to the present cost.
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The task force recommended full reconstruction projects for pilot purposes, as such
projects would give the camictor complete control over all aspects of the finished facility
from the subgrade to the finished surface. In this situation, the contractor could reasonably
be held responsible for the lotgrm performance of the entire facility. The primary
disadvantges voiced for total reconstruction were that such projects are very complex and
expensive compared to other roadway construction activities.

Many of the design and construction functions presently performed by CDOT personnel
will still needto occuron waranty projectsresponsibility for these functions will simply
shift from CDOT to the contractor. Thus, while not explicitly stated in this report, as state

personnel requirements diminish, private sector employment opportunities should increase.

4.3 COLORADO CONTRACTING COMMUNITY
Obviously, the Colorado construction industry will be affected by changes in
contracting practices for roadway construction projects. As the entity that actually performs
the work on such projects,h e i napiniens ang iéas orthe following statements
were deemed to be important:
1) The overall concept of using warranty contracts éadmay construction
projects and
2) The manner in which the concept is being investigated in this report.
Furthermore, the cooperation of thenstruction industry was judged to be
essential to the ultimate success of kbaign warranties.
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5.0 COST 1 BENEFIT ANALYSIS
5.1 PRINCIPAL STEPS
The costbenefitanalysis (CBA) estimates amatals the equivalent monetary value of
the benefiteand costs of the warranty and control projects to establish if the warranty
projects are worthwhile. The projects in this study have a wide range of widths and lengths
making a simple comparison difficult. In order to evaluate projects on an equal baises, a
benefits and costs are expressed in terms of dollars pemisséd-or this report, a lane
mile is 12 feet wide by 5,280 feet long or 7,040 square yards and the total square yards of
the pavement surface is used to calculate therates of a prgect. The assessment of the
CBA for warranty projects are comprised of the following steps:
1) Pavement selections using warranty specifications and control bidding processes
are established to form comparison sets
2) The costs for initial construction, indare payments, and maintenance are
calculated for each warranty and control project in the comparispn set
3) The benefit of reduced CDOT forces is estimated on a warranty project
4) Thebenefit is estimated in terna$ extended service life based on average
pavement performance for each warranty projact
5) A ratio using both the net cost minus the net benefit (savings) of the warranty
project is the compared to the net cost of the control project. A ratio greater than
1.0 means that the cost of a warrantyj@ct exceeds the cost associated with the
control project and is not worthwhile. Detailed calculationthwach step are
provided inChapter6 for thepilot projecs.
Example:Initial construction for the warranty was $75,000 per {anike while the catrol
was $65,000 per larmile.
1 Incentive payment on the control project V€0 per lanamile.
7 Control maintenance costs ws00per lanemile.
1 Reduced CDOT Staff on the warranty project was $2,000 peniédee
1 No difference irservice lifecould bedetermined therefore, no additional benefit

was given to thevarrarty project
{ Ratiois 1.1defined ag$75,000- $2,000)/($65,000 + $900 + 700

Since the ratio is greatdran 1.0, the warranty project wagt beneficial.
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5.2ESTIMATING CDOT COST and USER COST

In calculating the costs for each project, the real cost at the time of construction and
maintenance work was addedite user cost component when CDOT maintenance forces
performed work on the comparison sets of projects. The costs were totateiditial

construction tohte end of the warranty period.

5.21 CDOT Initial Construction Cost- Thefirst item we reviewed for the initial

construction cost was the unit cost of HMAd PCCPTo avoid any analytical bias about
the relative unit costf warranty and control projects, pavements in each set had as much in

common as possible in terms of quantities of material. Data on cost of each warranty and

control project were obtained from CDOTG6s Co:
bidderfor the projects. In most cases, the quantities of HMA PCCP wereomparable
and wedid not needto develop equations sccount for theconomy of scale
The second item was for the cost of a warranty on the HRBAPCCP over the tgrear
period. Thiswas an added cost to CDOT during the initial construcpaid to the
contractor as a cost per square yard of matela@led and accepted. To develop the
engi neer 6s e st iosesobnahe fvaranty iprojebil estrmgte qf theogh for
thelimited liability wasbasedon engineering judgment aimtended to cover the
contractordéds costs, such as potenti al ri sks |

fees because of warranty work, and cost of warranty bond from bond insurance companies

The third item was for the cost to construct a WIM station to monitor traffic. The WIM
station monitored the traffic load on the warranty project.

The fourth item we reviewed was the cost for quality control testing. Since quality
control during construmn was shifted to the contractor, a CDOT tester was not specified
on warranty projects. Based on a conservative daily production rate of 1,0@0 kM#
or 5,000 square yardd PCCR the number of tester days was estimated. To establish the
CDOT costsavings on warranty projects due to reduced staffimgyarage salary
(including overheaddf a CDOT Engineer/Physical Science Technician Ldvel $35000
per day was used. A loading factor of 1.35 was used to calculate the CDOT hourly rate.

These iems were totaled. Since thmjectlength of the warranty and control projects
varied, the initial cost to construct the project was determined on the basis of dollars per

lanemile.

-46-



5.22 CDOT Maintenance Cost Maintenance costs mde routine or peodic, preventive

or corrective, odone by the CDOT workforce @ontractors. In the case of the control

projects, the maintenance responsibility of the contractor is terminated after CDOT accepts

the project. For warranty projects, the contractor bearsdbt to maintain the roadway for

the warranty period. In computing CDOT maintenance costs, only thevaostinty

maintenance period costs were considered. However, the maintenance costs associated with

the control projects were determingdrtingfrom the CDOTacceptance date. Thesests

were taken from CDOT6s maintenance managemen:
items as; crack sealing, crack filling, hand patching, machine patching, and chip seal

coating. Since thprojectlength of the warranty angbntrol projects varied, the

maintenance cost was determined on the basis of dollars peanil@ne

5.23UserCost-These costs are considered to be indi

facilityd aser in the work zone as they relate to roadway conditi@ntenance activity,

and relabilitation work. These costsdlude user travel time and increased vehicle
operating costs (VOC). Though these fAsofto c
CDOT, the costs are inherent in the cost of road repaiasnohcluded in maintenance

fees.By specification, the contractors were not assessed a user cost if they did not use more
than three days per year or up tmaximum of 12 days to perform maintenance or remedial
actions.For the valuef travel time, CDQ used $8.50per hour for passeeg cars, $3.50

per hour fo single unit trucks, andd®.50perhour for combination trucks. To determine

the user cost, we used software developed for CDOT dal€aT WorkZone- User Cost
Program The duration of user sts wasdetermined based on a daily single lane closure

from 10:00 pm to 5:00 am in urban areas and 9:00ta 3:00 pm. in rural area. The

average annual daily traffic at the time of construction was used for the traffic volume.
Speed reduction was csidered to be from the posted speed limit down to 45 mgtein t
work-zone. We estimateabout $3,000 of work by CDOT maintenance forces or

contractors could be accomplishieda day. The cost of workas divided by $3,000 to
determine the number of day&nce the length of the warranty and control projects varied,

the user cost was determined on the basis of dollars pemiigae
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5.3ESTIMATING EFFECTIVENESS

For this report, the time scope for evaluating the CBA is based on performance from the
initial canstruction to the end of the warranty peri@D OT 6 s pavement managem
system (PMS) data for the international roughness index (IRI), rutting depth, fatigue
cracking, longitudinal crackingnd transverse cracking was used in this report to dstima
the performance arektended life. When comparing the extended lives from these
performance measures, the smallest valum the five distresses wased as the basis for
calculating the begfit. The PMS condition data wasllected annually and summagtzin
528 foot (0.1 mi.) section3he condition data wagcorded even wheaoreventive
maintenance work had beparformed. Based on the contractors records of when and
where preventive maintenance work was performed, future distresses in the tenth mile
segment were reduced by the amount of distress at the time work was accoméiesd.
the typical section waa divided highway, annual PMS data wagorted in the driving lane
for both directbns. When the typical section was undivded highway, annli@MS data
wascollected in one direction one year and the opposite direction thgewmxiSince 2009,
PMS data wasollectedonly in the primary direction (increasing mileposts) on undivided
highways.

For warranty projects, the contractual thresholgesformance indicators was
established by CDOT to reflect minimum acceptable distresses over the warranty period.
The @ntractor wa®bligated to perform remedial work if the thresholds are exceeded at any
time during that period. Such distress thresholdsvarranty projects are not the same
minimums for rehabilitation or replacement. Given the minimum rehabilitation threshold

and the performance curve, the service life can be estimated.

5.3.1 Performance Effectiveness The International Roughnessindex - International

Roughness Index (IRI) is a statistic used to determine the amount of roughness in a
measured longitudinal profile. IRl was used because it is a commoatond€ pavement
condition ands computed from a single longitudinal profile upi@m quarteicar simulation
(quartercar calculates the response similar to a passengeil barsimulated suspension
motion is accumulated and divided by the distance traveled to give an index with units of
slopein inches per mile

For this study, thegrformance curve for the warranty project was compared to the
control project and the time interval at which the IRI between the two are the same is the
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extended service life. For exampéecomparison of IRI in Figure shows that the extended

service lik isover two years. However, CDQdunds down to the whole year. Resultimg

an extended service life of two years.

IRl (inches/mile)
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Figure 3. IRI Performance Curves

5.3.2 Performance Effectivenes$ Rutting - Thedepth of a rut in the wheel patfas used

because its a common indicator for rehabilitation. Rutting of the pavement could be

caused by low air voids in the HMA or an underestimate of the truck traffic over the design

life. Remedial action by the contractor will not be required if the accumulated tadf& tr

exceeds the desigWWIM stations were installed on or near the warranty projects to monitor

the truck traffic. In this research the performance curve for the warranty project was

compared to the control project and the time interval between thém éxtended service

life. For example, aamparison of rutting in Figure ghowsthe extended service life of a

warranty project to be one year. This extended service life is probaiggreative since it

assumeshe rut depth for the warranty pavemenli wicrease at the same rate as the control

project.
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Figure 4. Rut Depth Performance Qirves

5.3.3 Performance Effectivenes$ Fatigue Cracking - Fatiguecrackingis a series of
small, jaggedinterconnected cracks causedfatiguefailure of the HMA sirface (or
stabilized base) caused by repeated traffic loags usually in the wheel patfeso called

alligator cracking)This distresss ameasured disess under warrantyt Was evaluated
because it is gypical distressCDOT repairs.

5.34 Perfformance Effectiveness Longitudinal Cracking - Longitudinalcrackingwas
evaluated because

it is a good indicator f

or
of the longitudinal joinfor HMA and the effectiveness of the vibrators in PCURs study

compared the performance curve for the warranty project to the control project and the time
interval between them is the extended service life. For example, a comparison of

longitudinal cracking in Figure ibdicates that no extended service life \i@aad because
the control project had a lesser amount of longitudinal cracking.

-50-



500

450

Warranty Project:

400 \
350

300 \

Control Project

250 \

200 \

Longitudinal Cracking (Ln. Ft. f Tenth Mile)

s

\\ [
150 1% \ ,//p'
100 1+

‘\\ ,/

50 \\ _,;:;;>
U ------ T T T T T T T T 1

0 1 2 3 4 5 6 7 8 g 10

Years after Project Acceptance

Figure 5. Longitudinal Cracking Performance Curves

5.35 Performance Effectivenes$ Transverse Cracking- Transverserackingwas

evaluated because it is a good indicétay r

resistance to thermal cracking. This study compared the performance curves between the

the performance

of

t

he

two projects and the time interval between them is the extended service life. For example, a

comparison ofransverseracking in Figure éndicatesthe extended service life of a

warranty project to be one year.
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Figure 6. Transverse Cracking Performance Qrves
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5.4EXTENDED SERVICE LIFE
To maintain and manage CDOT6s highway net wo

rehabilitate pavements as they approach the end of their service lives. Longer life translates

into cost savings to maintain CDOTS net wor k. In fiscal year 20
approximately $25@nillion to rehabilitate about 1,10@nemiles of the network.

Therefore, to rehabilitate a lamnele of roadway is atut $227,273or the estimated@

years of design life. For this report, every year of extension in service life past the design

life would save CDOT about $22,7@&r lanemile.
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6.0 PILOT PROJECTS WITHIN COLORADO

6.1 PROJECT SELECTION GUIDELINES
These guidelines were developed by the task force to be referenced by CDOT designers
in the selectiomf good candidatprojects for longterm warrantieswWith properlyselected
projects, the maximum possible amount of information needeakgisthe CDOT task
forcein thestrategiadirection of longterm warranties will be producedhe criteria used
to select longermwarranty projects are as follows:
1) The primary scope of the geat should be paving.
2) The length of the project should be a minimum of 3 m{lddength greatethan 5
miles would be preferrgd
3) The design ESALs should be 20 years for HMA and 30 years for PCCP projects.
4) The project should be new construction or retrorsion.
5) The project should be a design/bid/build.
6) A Weigh-In-Motion station should be installed on or near the project unless a
current station exists in the vicinity.
7) A mandatory préid meeting should be held with all the prime contractors bidding
on the project.
8) If detoursare allowed, the plans and specificatishsuld address the design and
phasing of the detours.
9) The designer should reference the applicable sections of each chapter from the
fourth edition of t he DedgA®&HighwaysRiwdl i cy on Ge

Streets. 0

6.2 DISCUSSIONS WITH CONTRACTOR SOREPRESENTATIVES

In order to give all interested parties an equal opportunity to bichigding meetings
were requiredvith representativekom the prime contractorAn undestanding othe
specifications angbrojectlay-out were given by CDOTepresentatives, the Resident
EngineerandProject EngineefTh e contractor éds representative
guestions regarding the specifications or the profeay clarifications neededytCDOT

were included in revisions to the specifications prior to opening the bids.
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6.3 SELECTION OF CONTROL PROJECTS

To perform the codbenefit analysis, control projects were selected. The control
projects used the traditional CDOT specifications fmanranty) and were comparable to
the warranty projects in term$ year of construction, constructed pavement thickness,
traffic, and original pavement condition. It was not possible to obtain perfect matches

between the warrdy and control projects bugasonable matches were found.

6.4 PCCPPILOT PROJECT

The pilot10-year warrantyroject islocatedon I-70 nearthe town ofStratonin Kit
Carson CountyThe project began at Milepost 418.3 axtended east 9.1 miles to
Milepost 427 .4or a total 0f58.6 lanemiles (412,870 / 7,040Yhe CDOT project mumbe
is IM 0705-070 (Project Cod&2635. A copy of the applicable lontgrm warranty
specificdions can be found in Appendix. Based on an average production rate of 5,000
square yards per daywasestimated that a CDOT figltester would have been needed on
the warranty project faabout 90 days. Therefore, CDOT saeetbtal of$31,500 ($538 per
lanemile) in salaries for a field tester.

The control prect ison State Highway 288outh ofthe town of Eads in Kiowa
County. The project began at Milepost 9m8dextended north 13.0 miles kilepost
108.2for a total of 48.8ane-miles (343,524 7,040) The CDOT projectmmber is NH
2872014 (Project Codel3552.

A comparison of thenformation fom the pilotand controbprojectis summarized in
Table 61.

Table 6.1 Summary of PCCP Project Information

Pilot Project Control Project
Design PCCH hickness 9.75inches 10.5inches
Dateof Bid Opening August 23, 2001 May 3, 2001
Begin Constructioate January 3, 2002 August 1, 2001
Project Acceptance Date November 23, 2002 June 28, 2002
Facility Type 4-lane Interstate 2-lane Principal Arteria
30-year Desigrl8 kip ESALs 34,500,000 16,500,000

6.4.1 CostData The successf ddnthewanranty mject was 083S petecant

abovet h e e n gstimmate.€he five bids ranged from 0.356 6.16percentabovethe
engineer 0s conttirmatte.r 6 sT It @MatrantpddPCCRBystema r e
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(WPCCPS) was $22.6(8159,723 per lanaile), which was 9.3 percebelow the
engineer 6 s eslthiematosmtafaci 25.0660 cost per square
liability of $1,000,000 on the longermwarrantywas $2.42$17,050 per lanenile), which

A

wasl42percenabove the engineero6s esti mate

For the control project, thestes f ul contract or dbelowthée d was 4. 8.
engineerd6s estimate. pErceatoelown to E1EL pdocenthlsover ange d 1
theengieer 0s esti mate. The contract4r 6s cost pe

($157,958 per lanmile), which was 0.0g¢ercenb el ow t he engineer 6s est
Table 62 has moreomparisorninformationbetween the two projectat the end of the
construction, the contracton the control projeatias awarded an incené of $374,940.26

($7,683 per lanenile) for quality of work.

Table 6.2 Summary of PCCP Bidding Information

Pilot Project Control Project
Prime Contractor Interstate Highway Constructiq Castle Rock Constructio
Project Low Bid $16,588329 $11,993,047
Engineer 6s $16,530,678 $12,600190
Quantity of PCCP 412,870 344,122
(square yards
Bid Prices $22.67 and $26.18 $22.40, $22.85, and
($/square yard $27.40
Engineer 6s $25.00 $22.50
($/square yard
Bid Prices for Vrranty $2.42 and $3.31 N/A
($/square yat)
Engi neer 6 s § $1.00 N/A
Warranty §/square
yard
Numberof Bidders 2 3

To devel op t he en g$l0o0eeo0idbitty ferthe wamemty e f or t he
project, $1.00 per square yard vessimated The estimatevas deeloped based on
engineeringudgmentand was intended to coviérec o nt r a c {sach &syotent@ls t s
risks to perform warranty work, potential lane rental fees because of warranty work, and
cost of warranty bond from the surety company

Although,there s an obvious difference between th
estimate and theconttao r 6 s | o w projedt, itican be assemep walhight
| evel of conf i d eestimateoftwhri@anty coshoe$l.epargdquaree e r 6 s
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yardwasreasmable. However, &er awarding the projecthé contractomentioned
thattheir $1,000,000 warranty liability watevelopedvith fundsgenerated througthe

bid item for the warranty$2.42 * 412,870 = $999,145).

6.4.2 Maintenanceand UserCosts- The MainteranceManagement System (MMS)

wasusedt o

highway. Those includa variety of activities, but of particular interest for this report

track al

of

CDOTO6s mai meantohance

were those related to theadway surfacec(oss stitchingjoint and craclsealing

partialand full depthrepair, slab replacementiiamond grindingshoulderrestoration

and base stabilizationBased on a pilot car operatiand the number of days that

maintenance forces had worked on the projeetuser cost was determinedoe

$10,486 per daylhe costs of CDOT roadway surface maintenance activities were
summarized in Table.8 for the pilot warranty projeand control project as gathered

from MMS.
Table 6.3 PCCP Maintenance Information
. . Control Project
vear | P (coon
Time and Materials User Cost

2003 $15,342 $1,161 $4,060

2004 $26,438 $1,671 $5,842

2005 $11,588 $8,073 $28,220

2006 $13,630 $98 0

2007 $30,026 $319 0

2008 $12,252 $131 0

2009 $22,700 $3,110 $10,872

2010 $9,200 $5,572 $19,477

2011 $14,960 $16,457 $57,526

2012 $15,864 $3,524 $12,318

Total $172,000 $40,116 $138,315
Cost Per $2,935 $822 $2,834
Lane-Mile

6.4.3Performance Data- Theperformance of the pil@nd control projecivas

measurecnnually by the pavement managemeny s t autorbased data collection

van.

The database that CDOT receives reports the pavement condition emilg10

intervals. Ride is reported #%e projectaveragein inches/mile Corner breaks,
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transverse cracking,-Bracking, and spalling are reported as a coliné maximum

count for each distress was used in this redoongitudinal cracking iseported as total

linear feet and scaling reported asquare feetFigure 7represents theomparison of

theride infarmation from the contraind warrantyprojecs. Figure &epresents the

transverse crackingpmparisorfrom thecontrol projet and warranty project. Figure 9

represents theomparison of théongitudinal crack informationAfter 10 years of

service, o corner break, D-cracking or spalling was found on either the control project

or the warranty project.
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6.4.4 Traffic Data 1 Since traffic data is critical to the design of the pavement

thickness and CDOT supplied the contractor with thisrmftion, he contractowould
be released from the warrantytlie accumulated8 kip ESALson the rigid pavement
excee@d50 percent ofhe 30year design 18 kiESALs. TheaccumulatedESALs from
a nearby weigfin-motion station are shown in Figure.10
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Figure 10. Accumulaed Traffic Load on the \&frantyProject.

6.4.5 Project Specific Features On this project the contractor electedrodify their

concrete mix f r opmesctibhdey CHOQTt This rdodificdtionntreasd
the flexual strengtf r om CDOT6s standard value of 650

Since the pavement thickness design is related to flexural stremgtil®Q psiincrease
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in flexural strengttallowed the contractor to reduce the paventigickness 1.25 inches.
To ensure good quality and uniformitizetcontractoadded two people to provide

increased Quality Contrehroughout the constructn process.

6.4.6 Post Construction hterviews - This meeting was set up to exchange experiences

by CDOT and the contractor on thé-year warranty project.In general, everyone
thoughtthe project was very successful with no major problems or issues. There were a
few minor issues that could be addressed by thetlemg warranty task force and

consdered on future projects.

6.5PCCPCOST1 BENEFIT ANALYSIS

As of January 2013he net cost on the warranty projeas$176,235er nemile

(159,723 + 17,050538) while the net cost on the ol project wasp169,297 per lane

mile (157,958+ 7,683+ 822 + 2,834 per lanemile. Since the extended life for rut depth

and longitudinal cracking was less than the IRl and transverse cracking, no net benefit in
extended life is expected for this warranty project. Siheeatio is 1.04 (176,235/169,297

the cost of a warranty project exceeds the cost of the control project and is not worthwhile.

6.6 HMA PILOT PROJECT
The pilot project watocatedon State Highway 24 netre city ofColorado Springs in

El Paso County. Theroject began at the intersectiof ConstitutionAvenue(Milepost
314.2) and extended east 4nilesat the intersection of Garrett Rog@dilepost 317.9for a
total of 15.6 laneniles Since theeastbound direction wamw construction, it was
selected as the warranty section for fingject. The CDOT project numbersiNH 0243068
(Project Coddl4822. A copy of the applicable lorgrm warranty specificeons can be
found in Appendix E

The control project isdjacento the warranty projeand similarlylocatedon State
Highway 24 Theproject began near the intersection of State HighwajvBlépost 312.2
and extended east 21fllesat the intersection of Constitution Aven{Milepost 314.2.
Based on the plan sheets and quantifibs3lanemileswere constructedrhe COOT
project number is NH 024867 (subaccount number 14374

A comparison of the information from the pilot acwhtrol (norwarranty) projects

summarizedn Table 6.4
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Table 6.4Summary of HMA Project Information

Pilot Project

Control Project

Design HMA Thikness

8inches

9.5inches

HMA Used in thelTop Layer

2 inches SX(100) PG 628

2 inches S(100) PG

HMA Used in the Middle

2 inches S(100) PG &

2.5 (2)inches S(100) PG 628

Layer

HMA Used in the Bottom 4inches SG(100) PG &2 2.5inches S(100) PG
Layer

Aggregate Base Course 6 inches 6 inches
Thickness

Minimum R-Value of the Soil 60 36

Date of Bid Opening August12, 2004 March § 2003
Begin Construction Date October 182004 June 1, 2003

Project Acceptance Date

November 12005

September 12004

Facility Type

4-lane Princil Arterial

4-lane Principal Arterial

20-year Design 18 kip ESALS

9,080,780

9,243,362

6.61 CostData-T h e
percent below h e

to 8.69 percer b o v e

successf ddnthe warranty pragectovasd k06 b i

t he

engineer 6s

e n gstima@ dhe dhsee bids ranged frdrh.06percentelow

e st irmyatdef.

Warranted Hot Bituminous Pavement System (WHBPS) was ${#2@236 per ton)

($103,225 per lanmile), which was 235 percenbelow h e
$19.00($29.06 per ton)T h e

contractor 06s

A

engineer 6s

of $750,000n the longtermwarranty was $6.8($48,082 per lanenile), which was

the same as h e

e ngi neA&WIB statiensvas needed or. this project at a cost

of $63,000($4,038 per lanenile). Based on the average production rate, it was
estimated that CDOT savedotal ofabout $26,250 ($1,683 per lanele) for the field

tester to be ossite for 75 working dag.

For the control project, theste s s f u |

A

engineer 0s

abovethe engie e r 6 s
($123681 per lananile), which was 8.percentaboveth e

esti

mat e.

contr act o bdowsthd i
T h below o £0.7b pextent

d

est i ntattoer.6 s Tchoes tc opmetrr at o n

engi neer 6s

$31.00 Table 6.5has more comparisanformationbetween the two projectat the

end of construction, the contractor was awarded a quality incent06{853$6,592

per lanemile).
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Table 6.5Summary of HMA Bidding Information

Pilot Project

Control Project

Prime Contractor

RockyMountainMaterials &
Asphalt

RockyMountainMaterials &
Asphalt

Project Low Bid

$5,181,045.0

$3,978,971.81

Engineer 6s

$5,825,137.69

$4,130,497.00

Quantity of HMA (tong

72,000(110,144 squareayds)

56,152(107,500 squareayds)

Bid Prices $/ton)

$22.36, 31.83, and $36.71

$33.70, $36.50, $36.00, $39.C
$35.47, and $37.85

Engineer6s $19.00 $31.00
($/ton)

Bid Prices for Warnty $6.81, 2.87, and 4.00 N/A
($/square yard

Engi neer 0s $6.81 N/A
Warranty($/square

yard)

Numberof Bidders 3 6

To develop the engieer 6 s e st i mat diabifityfor the wamantyy 750, 00 0

project, $6.8%per squas yard was estimatdzhsed on engineering judgmethbng with

previous information from the @it PCCP project. The bid item widended to cover

contractor 6s

costs such

as

potenti al

fees because of warranty work, and aisvarranty bond from the surety company.

Similar to the warranty liability fothe PCCP projecthe contractor mentionddeir

$750,000 warranty liability was developed with funds generated through the bid item
for the warranty($ 6.81* 110,144 = $7508D.69.

6.6.2 Maintenance Costs The Maintenance Management System (MMS) is being

used to

track al l of

CDOTOs

mai ntenance

Those included a variety of activities, but of particular interest for this rejgoet those

related to theoadway surface (minor patching, machine patching, crack sealing, chip

sealing, fog coating, shoulder restoration, and base stabiliz@@sed on a single lane

closure and the number of days that maintenance forces had voorkieel project, the

user cost was determinéalbe $23,849 per dayhe costs of CDOT roadway surface

maintenance activities weraramarized inTable 66 for the pilot warranty projeand

control project as gathered in MMS.
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Table 6.6HMA Maintenance Data

. . Control Project
vear | e (coon
Time and Materials User Cost
2006 0 0 0
2007 0 0 0
2008 0 $142 $1,128
2009 $2,754 $231 $1,840
2010 $4,647 $533 $4,239
2011 $4,647 0 0
2012 0 $10,639 $84,580
2013 0 $615 $4,887
2014 $10,052 $783 $6,223
2015 $2,625 $734 $5,839
Total $24,725 $13,677 $108,736
Cost per $1,585 $894 $7,107
Lane-Mile

6.6.3 Performance Data- The performance of the pilot and control projects was

measur ed

van.

annual ly

by

CDOT sibcontracts all data collection. Thiendor drives an automated data

collection van over all of the required highwayesiand reports the data on tentite

increments. For rut data, the van is equipped with asiresor rut bar that measures rut

to the hundredth of an inch. Ride data is collected with an inertia profiler consisting of

laser sensors, accelerometer, and distance transducer. The van is equipped with digital

cameras, one windshield view and four @aent views (one over each wheel). All data

i s

recor ded

and

sent

to the

rated. This raw data is what the vendor delivers to CDOT.

vendor 6s

dat a

t h eautoraatee dat ootlectioma n a g e me n

r

The databas€DOT receives repatthe pavement condition omte-mile intervals.
Ride is reported asnaverage inch/milever the tenthmile. Rutting is reported as an
average hundredth of an inolaer the tenth mile. Load associated longitudanatking
is reported as total square fekebngitudinal cracking iseported a total linear feet and
the transverse cracks are counted

Based on the 2014 traffic data from the Division of Transportddevelopment
shown in Table 6.7the volume of traffic drops significantly at a milepost 313.178 in the

-62-



control project A reasonable comparison of the performance control project was taken

from the data starting from milepost 313.3 and ending at milepost 314.2.

Table 6.7Traffic Volume in 2014

Average | Average Annual | Average Annual
Annual | Daily Traffic of | Daily Traffic of
Beginning | Ending | Daily Single Unit Combination
Milepost | Milepost | Traffic Trucks Trucks
310.878] 311.00| 41,000 1,600 1,200
311.00| 311.746/ 33,000 1,400 1,100
311.746| 312.43 29,000 1,500 960
312.43 | 313.178 20,000 1,000 700
313.178] 314.592] 16,000 900 540
314.592| 319.640 17,000 610 270
319.640 | 320.292] 14,000 550 340

Figure 11lrepresents theomparison of the averadfel information from the control
and warrantyrojecs. The rut data shown iRigure12 indicates that the warranty
project had abouhte same rut depth as the contBadsed on this information, no

expected benefit in extended life for the warranty project is recommended.

o~ ®
o o O
?

@
= 50
g 40 _/\
[T ]
2 30 A
(=]
£ 90 4 .
— A Arranty —fll— Control Project
10 ~
O 1 1 Il 1 Il Il Il 1 ]
1 2 3 4 5 6 7 8 9 10

Years After Construction

Figure 11 Comparison of thedétformancdor Intermational Roughness Index.
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1 2 3 i | 5 6 7 8 9 10
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Figure 12 Comparison of the Perforance for Rut @pth.

The fatgue cracking shown in Figur8indicates a significant improvement in the
performance of the warranty project when compared to the control project. This life
extension is estimated to be about five years. The improved lifdedue to a higher
level of quality control performed by the contractor when placing the subgrade and

aggregate base course material along with reduced truck traffic.

Remedial action is required when fatigue cracking exceeded

180 20 square feet in any tenth-mile segment

-
= 160 1 Warranty
= 140
'd_!:_, 120 4 —fl— Control Project .
= 100 - Extended Life
= 80 A
=4
e L o o e " " ————————————————
L 40
s
= 20 A
v

O =

1 2 3 4 5 (53 7 8 Q 10

Years After Construction

Figure 13 Comparison of the Performance for Fatigue Cracking

Approximately two yearsf extended life, as shown Figure 14, was estimated for
the comparison of transverse cracking between the wgiraadtcontrol projects. This
improvenent may be affected by using anéh nominal maxmum aggregate sizem

the top lift of the warrantympject. It is estimated that this smaller size aggregate

-64-



increased the optiam binder content by about 0.2 percent over thiech nominal

maximum aggregate size used in the top lift for the control project.

Remedial action was required if transverse cracks exceed
5 in any tenth-mile segment

Warranty

—l— Control Project

Number of Cracks per Tenth Mile
O Rr N WU N®

Years After Construction

Figure 14. Comparison of th€erformance for Bnsverse Cracking

The comparison of the longitudinal cracking shown in Figure 15 indicates a
significant improvement to the life of the warranty proj@¢tis increasén life is most
likely due to the use of echelon paving on the warranty prejeicth eliminated the

longitudinal joint between the lanes.

Remedial action was required when longitudinal cracking
coo —exceeded 30 feet in any tenth-mile segment

— 500 H W arranty
a
‘i 400 - —l— Control Project
b -
£ 300 4 Extended Life
=
T 200 H
=
=
ico 4+ — — — — e B i
0O = e 7 - Y
1 2 3 4 5 6 7 8 9 10

Years After Construction

Figure 15 Comparison of th®erformance for angitudiral Cracking

6.6.4 Traffic Data i Since traffic data is critical to the desighflexible pavemerg and

CDOT supplied the contractor with thiormation, the contractor would be released
from the warrantyor ruttingif the accumulated8 kip ESALson theflexible pavement
exceedaprescribé limit of the 2-year design 18 kiESALs. Theaccumulated ESAL

from theweigh-in-motion stationinstalled on the projeare shown in Figure 16
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6.6.5 Project Specific Features The contractor elected tese a CDOT Grading
SG(100) PG 6422 HMA in the bottom lift topped by a lift of Gding S(100) PG 642
and a surface coursé Grading SX100) PG 6428. Higher quality aggregates were

used in the top liftTo reduce the number of longitudinal joints, where possible, paving
was done in echelon. The latest paving equigmas used and wiehaintainel. To
ensure a smooth ride, crasaffic was limited.The contractor also used a Quality
Control plan that included a very high level of testing to ensure good quality and

uniformity.

6.6.6 Post Construction Interviews- This meeting was sefp to exchange experiences

by CDOT and the contracton thelO-year warranty projectin general, everyone
thoughtthat the project was very successfulhwito major problems or issudhere
were a few minor issues that could be addressed by theédangvarranty task force
and considered on future projeet® as follows:
1) Coring for QA thickness measurements of the HMA could be detrimental to the
performance.
2) Drainage ang@ompactiorof the subgrade is a major concern.
3) Additional QC testing was done lthye contractor.
4) Lowest bidder with the warranty specifications could Ipeadlem;the best

value method to awarding these projects should be explored.

- 66 -



6.7HMA PAVEMENT COST i1 BENEFIT ANALYSIS

As of January 2015, the nedst on the warranty project wi$53,662per lanemile
(103,225+ 48,082+ 4,038/ 1,683 while the net cost on the coolk project was
$138,274 (123,68%* 6,592 + 894 + 7,10 Per lanemile. Sinceboth projects hadmmut
the same amount of ruttingoextended lifevas giverfor thewarranty project
Thereforethe ratio is 1.11 (153,662/138,2 /e cost of thisvarrarty project exceeds

the cost othe control project and wamt worthwhile.
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7.0 SUMMARY AND CONCLUSIONS

The oljective of this investigation wae determine the cost effveness of using
warranties fotfong-termperformance on roadwaynstruction projects in Coloradehase
| consistedf identifying the issues that must be addressed in implemdatiggerm
warranties, reviewing current prazgiwith this type of contract in other countries and
across the United Statdmalizing a contract instrument to be used on the pitojects,
determiningcurrent perceptions in Colorado regarding the pilot progeudfinally,
formulating ecommendatins for futurewvarranty projects for Colorad®hase Il of the
research consistexf monitoringthe performance of thalot projects tracking maintenance
cost, angoerforming a cosbenefit analysis

If the choice is made to go forward, further decisioesd to be made regarding the
revisions to the curremirojectselection guidelines and specificatiande used fofuture
long-termwarranty projects. The information and recommendations presented in this report
should facilitate this procesBhilosoghically, this approach to roadway construction
projects is expected to improve quality and reduce costs because a) the contractor is directly
motivated to provide a facility that offerssafe and smooth rigde) market forces will force
the contractor téocus on activities that directly contribute to a smooth and safe ride, and c)
the contractor will have the opportunity to explore new and innovative design solutions and
construction procedures. Recall that under an idegttermwarranty approach, camatct
requirements are simply expressed in terms of the performance to be provided by the
roadway once it is placed into service. The nature of the facility required to provide this
service and the manner in which it is constructed are completely at tinectos
discretion. This approach to roadway construction projects contrasts sharply with current
practice. The intent of currenbitract specifications i® insure that at the time of its
completion, the roadway has been physycatinstructed accondg to CDOT
specifications

In Coloradg the opiniorof the contracting community teat there may bpotential
improvement in the quality of roadway projectfoifig-termwarranty contracts are used.
Somefirms are more optimistithanothersregarding pesible improvements in quality.
Opinion on the costs of these projects is that these projects will be more expensive than
traditional projects. The coment was also made by Coloraamtractos that many
contractors are already doing a good job using viadadble materials and construction
methodsAn additional business related concern, shared by CDOT, the contracting
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community, and the bonding companies in Colorado, is the ability of small and medium
sized contractors to obtain bonding and compete amgiterm warranty environment.

While the smoothness of the PCCP warranty project was much better than the
control, hedistresses monitored on tRE€CP warranty project diabt show any difference
in performance.The contractor had some remedial actmperform and spent about three
timesas much as CDOT forces in materials and labor to maintain the roadway.

TheHMA pavemenprojectswere difficult to analyze due to the different truck
volumes. Smaller nominal maximum aggregate size may have redugadphagation of
transverse cracks. As a best practezdelon paving should be usddhe contractowas
diligent in performingpreventive maintenance and no remedial action was required. The
contractorspent about twice as much as CDOT forces in matenidabor to maintain the
roadway.

7.1 PROJECT SUMMARY
Each project was individually evaluated to determine if there was an overall cost
saving that resulted from the warranty. The summaryettst data is shown in Table 7.1

Based on theurrent datdrom this reportwarranty projects were not worthwhiie CDOT.

However, the greatest benefit of using ldegm warranties could be realized on projects

that require innovative design and construction solutions and/or outstanding workmanship

to providegood longterm performancel he significant life extension for longitudinal

cracking in the HMApavementvarranty project indicatethat CDOT could benefit from

specifying echelon paving on appropriate projects.

Table 7.1Summary of Cost Data (Dollars pe Lane-Mile)

Location Initial Warranty | Weigh-in- | Incentive QC Total Total

Construction | Line Item Motion Payment | Testing | Maintenance| Cost

Cost Station (Savings) | And User
Cost

I(-PYCC:),CSF;[;atton $159,723 | $17,050 | N/A N/A ($539) N/A $176,235
Control Roject $157,958 N/A N/A 7,683 N/A 3,656 $169,297
US 24, Constitution
to Garrett (HMA) $103,225 $48,082 $4,038 N/A (%$1,683 N/A $153,662
Cortrol Project $123,681 N/A N/A $6,592 N/A 8,001 $138,274
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8.0 GLOSSARY OF TERMS

Average Daily Traffic (ADT): The average twavay daily traffic, in theotal number of
vehicles, for th&4-hour measuring period.

Best Value: The overall maximum value of the proposal to a sponsor after considering all
of the evaluation factors described in the specifications forrthjeqb including but not

limited to the time needed for performance of the contract, innovative design approaches,
the scope and quality of the work, work management, aesthetics, pamprcl, and total
project cost.

Conflict Resolution Team A committed groupengaged in collective negotiations
attemping to resolveconflicts by actively commicating information aboutonflicting test
results.

Corrective Action: Improvements to an organization's processes taken to eliminate causes
of non-conformities orother undesirable situations

Cost Benefit Analysis An approach to estimating the strengths and weaknesses of
alternatives that satisfy transactions, activities or foneti requirements.

Crack and Seat:A fractured slab technique used in tiebabilitaion of PCCPthat

minimizes slab action injainted concrete pavement by fracturing the PQ&g@r into

smaller segments. This reduction in slab length minimizes reflective cracking in new
asphalt overlays.

Desigri Bidi Build (DBB): A project delivery systerm which the design is completed
either by inrhouse professional engineering staff or a design consultant before the
constructiorcontract is advertised. Thisethod is sometimes referrewas the traditional
method.

Desigri Build (DB): A project deliverysystem in which both the design and the
construction of the project are simultaneously awarded to a single entity.

DesignBuild -Finance-Operate-Maintain (DBFOM): The private sector delivers the
design and construction (build) of a project to the puldata. It also obtains project
financing and assumes operations and maintenance of an asset upon its completion.
Desigri Buildi Maintain (DBM): A project delivery system in which the design,
construction, and maintenance of the project are awarded to a sirtd},.
DesignBuild-Operate (DBO): A single contract is awarded for the design, construction,
and operation of a capital improvement. Title to the facility remains with the public.sector
Combning all three phases into trapproach maintains the camiity of private sector
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involvement and can facilitate privasector financing of public projects supported by user
fees generated during the operations phase.

Echelon Paving Paving multiple lanes siday-side (with adjacent pavers slightly offset)
Rollers behind the echelon pavers can pass directly over the longitudinal joint while both
sides are hot, which results in better compaction.

Hot Mix Asphalt (HMA): A plantproduced, higlguality hot mixture of asphalt cement

and weltgraded, higkguality aggegate thoroughly compacted into a uniform dense mass.
International Roughness Index (IRI): A measurement of the roughness of a pavement,
expressed as the ratio of the accumulated suspension motion to the distance traveled
obtained from a mathematical mbdé a standard quarter car traversing a measured profile
at a speed of 50 mi/hr

Limited Liability : Amount owed (i.e., payable) an individual or entityor construction
performedcapped by a specifiollar amount.

Longi Term Warranty: A sufficient perod of time, usually greater than 5 yedmat the
contractorguarantegor promise within the contracto provideassurancé&om premature
failure to the ownefor a specific element or elements

Method Specifications Specifications that require the &oactor to produce and place a
product using specified materials in definite proportions and specific types of equipment
and methods ured the direction of the Agency.

Percent Within Limits: A procedure using the arithmetic Mean and Standard Deviation of
the Acceptance Field Sample test results for a given Lot of material that estimates the
percent of a Lot that is within the Specification Limits

Portland Cement ConcretePavement A compositepavingmaterial consisting of

portland cement, coarse aggregéitee aggregate, water, air, and possibly other additives
that, when mixed together, hardens through a chemical reaction to form a hard solid mass.
Preventive Maintenance:Proactive approach that applies maintenance treatments while
the asset is still igood condition; extends asset life by preventing the onset or growth
(propagation) of distress.

Quality Assurance (QA): Planned and systematic actions by an owner or his representative
to provide confidence that a product or facility meet applicable atdaef good practice.
This involves continued evaluation of design, plan and specification development, contract
advertisement and award, construction, and maintenance, and the interactions of these
activities.
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Quality Control (QC): Actions taken by anpducer or contractor to provide control over
what is being done and what is being provided so that the applicable standards of good
practice for the work are followed.

Reconstruction Roadways that are rebuilt prarily along existing alignment normally
involving full-depth pavement replacement. Other work that would fall into the category of
reconstruction would be adding lanes adjacent to an existing alignment, changing the
fundamental character of the roadway (e.g., converting damehighway to a niti-lane
divided arterial) or reconfigurinigtersections and interchanges.

Remedial Action: A change made to a nonconforming product or service to address the
deficiency. This also can refer to restoration of a landscape from industrial activity.
Serviceable Life: The service life is the number of years a pavement is expected to last
from completion of construction until pavement failure.

User Costs:Costs incurred by highway users traveling on the facility and the excess costs
incurred by those who cannase the facility because of either agency oriseffosed

detour requirements. User costs typically are comprised of vehicle operating costs (VOC),
crash costs, and user delay costs.

Weigh-in-Motion (WIM) : The process of measuring the dynamic tire foodesmoving

vehicle and estimating the corresponding tire loads of the static vehicle
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PAVEMENT WARRANTIES

ISSUE:

The Colorado Department of Transportation has made several attempts to implement
various pavement warrangpedfications with limited success. In ordés saisfy

political and publiddemandor better performing pavements and encourage
Contractors to adopt effective quality control measured)#partments committed to
pursuingpavement warranty specifications fature projects. The purpose of this

paper is tooutline the strategicdirection for implementationof pavementwarranty
specificationsinColorado.

BACKGROUND:

CDOT began an effotb implement pavement warranties approximately three years
ago.The original effort beganasafive-yearasphaltpavementwarranty. State
legislationwagpassed on Mag1, 1997 requiringhe Department to develop a pilot
threeyear asphalpavementwarranty for useon threefront-rangeprojects.As a
resultof the legislationthefive yeareffort was convertetb a threeyearspecificdion.
The pilot projects were bidluring 1997 and 1998, and constructed during the 1998
constructionseason.

Additionally, Region 1 advertisegifive-year asphalpavementwarranty project in
January, 1999 Unfortunatelytherewasonly onebidderon theproject,andthe bid
wassubstantily overthe Engineer'sestimate.The warrantyprovision was removed
andtheproject readvertised.It has beemrxpressetby industry that the project, as
advertsed was not the most appropriate project fdiva-yearwarranty provision
because othe method selected for rehabilitation. Additionally, there were complaints
aboutthelack of communication between@DT and industry prior to attempting this
effort.

During thespringof 1999 Region4, in conjunctionwith Staff,developedatenyear
asphaltwarrantyspecificationfor useon Design/Buildportionsof aprojecton SH
14.There was also extensive contaadhvolvement during the development
process.Theproject was advertised in June and opened in July. Three bids were
receivedLow bid onthewarrantedorojectwas$8,96,047whichwas40%overthe
engineer'estimateof

$6,373,882. The project wasadvertised as a nemarranted project and the low
bid was $4,858,483 which was ouwbe engineer'sstimate of $4,584,728 by 6%.

In order tosatisfypublic demand for better performing pavementseamamburage
Contractorgo adopteffectivequality controlmeasuregshe Departments committed
to pursuingfuture pavementarranties.Becausef pastproblemswith awarding
projectswith variouswarranty provisionsthe Department formed a task fotoe
developa strategic direction for pavement warrantie€olorado and document the
strategiadirectionin theform ofapositionpapersignedby the ChiefEngineer.
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FUTURESTRATEGICDIRECTION OF PAVEMENTWARRANTIES:

Development Methodology:

Membersof thetaskforceto developthe PavemenWarrantyPosition Papewereas
follows:

SteveHorton Dedgn and ConstructionEngineer
Tim Aschenbrener Materials and Geotechnic8ection

BernardPaiz Designand Construction Section
JohnWard Contract ServiceSection
RobertLaforce Region 1Materiak

GaryDeWitt Region4Materials

Rick Chapman Region4Materials

George Rowe Region4 EvansResidency
BernieKuta FHWA

Richard Zamora Materialsand Geotechnic&ection

Thetaskforce identified importantstakeholdersncluding the CDOT "sexecutive
managemetn the asphaltpavingindustry andthe concretepavingindustry. Meetings
wereheld with eachstakeholdeto discussheir views on perceivedproblemswith
previousCDOT warrantyefforts, aswell asopinionsregardingthedirectionCDOT
shouldpursuewith regardto pavementwarranties. During meetingswith both
industrygroups, somecommonconcernsverepresented.Many of theissuesvere
financial in natureandrelatedmoreto long term performancewarranties. Theissues
included, butwerenot limited to, limiting contractorrisk for hyperinflation,
availability of andimpacton contractorbonding capaciy , tax liability issuesand
ensuringcontractorsvould not be held liable for itemsoutsidetheir control. Proper
projectscoping,regardlesof warrantyterm, wasalsoraisedasamajor concern.
Additionally therewere someconcernswith the performancecriteriaspecified.
Another commonthemediscussedwasthat the cost-effectivenes®f pavement
warrantiemeeddo be evaluated.

Recommendations for Strategidirection:

Consideringthe input of the identified stakeholdersthe two tiered approachisted in
Table 1 is recommendedTable 1 dedcts anapproachfor asphaltpavement
warrantiesbut asimilar table canbe developedfor useon PortlandCementConcrete
Pavemen{PCCP)projects. Underthe conceptal approachCOOT will quickly
pursuedevelopmenof shorttermmateriak and workmanship pavement warranty
specificationfor both HotBituminousPavemen{HBP) andPCCP.
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Table 1. Summary of Two-Tiered Asphalt Pavement Warranty Approach **

Short-term Warranty
Materials and

Workmanship

Long-term Warranty
Performance Basel

Warranty Life

3yearsfor 10yearDesignLife
5 years for20 yearDesign Life

15yearsfor 20yearDesignLife
(orgreater)

Application All Projects :TotaESAL's> 3x 10 | New/Major
(including 2" overlays) Rehabilitation/Reconstructigmay
includeD/B or Alternate Bid)
Warranty Cost $ NNNNNY
Spedficaton November5,1999 Octobel, 2000x)
Availability
Spedfi cation 1 project perRegion 1 pilot project in2001Construciton
Implementation 2000ConstructionSeasn Season
Typicd Projects| 2"'Overla | Rehab.10| Rehab20
Availalde y (No year | year Designs Minimal (1-3 peryear)
(%0 Asphalt Design) Designs
Program) 25% 45% 24% 6%
CDOT Contractor CDOT Cortrador
Rehab.Strategy | Workmanship Workmanship
(segregation
joints)
Structurd Design | Materials mixdesign Performance
Risk Allocaion and productiorfMust ESAL'sq
passHamburg)
Growth
ESAL's - Growth | Performance during RehalStrategy
Performance Warranty (Ravel and| Hyper Structural
(crackrutdue rut if in new Thickness
to existing pavement.) inflation
Min. Materids Mix
Binde Designand
PavemenType Pavementype

**Table maychange basedupon further input from industry




Shortterm Materials and WorkmanshipWarranties As apartof the short-tem
specificaion devdopmenteffort for both pavement typethe fdlowing keyitemsneedto
beaddressed:

A RiskAllocation

A PerfomanceCriteria

A ProjectSelectionGuidelines

A ProjectScopingRecommendations

A Evaluationof Cost Effectiveness

A Warranty Term

A ImplementationPlan

A Planfor Communicatingvith the Regions an¢hdustry

Long-term Pavement PerformareWarranties Long-term pavemet performance
warrantiesshoud bepursuedbut viewedasalongerterm god than thematerials
andworkmanshipspedfi cations.It is recommended to perform an investigation to
determinethe feasibility of implementing a cesftfectivespecification As part of
thisinvestigationthefollowing itemsneedto beaddressednddocumented:

A What isthe objective?

A Canthis bedone?

A How can this befunded?

A What will it cosP

A Willit be costeffective?

A Considerations for taxemflation, etc.

A How dowe ensure ampetiion from bothcontractorsand warrantyproviders?

If longtermperformancevarrantiesaredeterminedo befeasble,thebullets

outlinedundertheshorttermwarrantyheadingaboveneedto beaddresseduring
thelongtermwarranty specificabndevdopment.

ImplementatiorSchedule:

Short-term Materialsand WorkmanshipWarranties: Task forcesconsisting of
CDOT andindustrymembersshouldbeformedimmedately to developshortterm
materialsandworkmanshipwarrantieor bothHBP andPCCPwarranty specificatons.
Performanceriteria,projectsdectionguidelinesandprojectscoping
recommendationfor both the HBP and PCCipecificatians shouldbe fully
developedy November5, 199. The HBP and PCCrskforcesshouldalso
develop an evaluian planto determineosteffectivenessftheshortterm
pavementvarrantyprovisions.

For HBP, theresulting specification and guililees $iould be used on at leashe
projectper Region to beonstucted during the 2000constructionseason.

The PCCPspecificationandguiddinesshoud be usedon at leastonepilot project
statewideto beadvertisedduring2000.
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Long-termPavemenPerformanceWarranties: A taskforceconsistingof CDOT, both
the HBPandPCCP industries, arttie surety/insurandadusty shouldbe formedo
determinghefeasibility of implementingalong-term pavemenperformance warranty
provision.CDOT membershighouldincludeengineerandatleastonefinancial
specialist. The feasibility study shoudd completedand the findingslocumentedly
February 282000. Iflong-term warrantiesre determined to Heasible taskforces
shouldbeformed todevelopspecifications. Specifications should developedy
Octoberl, 2000andimplementednatleastonepilot projectto beadvetisedfor the
2001 construction seasoh planto evaluate coseffectiveness shad alsobe
developed.Thesespecificationshoud becompatitbe with boththe Design/Buildand
AlternateBid scenarios.



MEMORANDUM

Design and Construction L DOT

Denver,
(303) 7570449

Date: November 4, 1999

To: Regional T ion Directors
From: John Unt':cmu
Deputy Chief Engineer

Subject: Pavement Warranty Strategic Direction

Autached for your review is a document entitled “Pavement Warranty Provisions: CDOT's Future
Direction”. This document, as signed, serves as the strategic direction the Department will pursue
with regard to pavement warranties. Please note, although a final future implementation schedule
has not been defined for short-term materials and workmanship as of the date of this memorandum,
the Department will be pursuing additional warranty projects for the 2001 construction season,
Please keep this in mind when developing your projects for the upcoming construction seasons.

If there are any questions regarding the strategic or the status of the long or short-term warranty
specification efforts, please contact Tim Aschenbrener at (303) 757-9199.

Attachment

Ce: Region Program Engincers
Steve Horton
Tim Aschenbrener
Richard Zamora



APPENDIX B

LETTER OF SUPPORT FROM THE COLORADO ASPHALT PAVING ASSOCIATION



May 7, 2001

LONG TERM WARRANTY - LETTER OF SUPPORT

The undersigned member organizations of the Colorado Asphalt Pavement Association are supportive of the
Colorado Department of Transportation in its development of a 10 year warranty specification for hot mix
asphalt projects. The specification will be used as a mechanism to allow the asphalt industry to compete on
major corridor construction projects in eastern Colorado and the Colorado Front Range. The conditions of the
warranty arc that it will be used for new or total roadway reconstruction projects and that the contractor will
have maximum flexibility in the design and construction of the project.

We are committed to continue working jointly with CDOT in the development of the warranty specifications.

M ARGE <
AGGREGATE k’ David Lemesany,
INDUSTRIES Lafarge Corporation

[ T s/

Bruce McGowan, Dividon Manager
Granite Construction Company
|
/)
Scott Davis, Vice Preside!
Schmidt Coastruction Company
Y Bruce Walters, Reg. General Manager Ken Coulson, Vice President
Koch Performance Roads Coulson Excavating Company, Inc.
%ﬂ_@ﬂ_ BRANMAN M’M g
Eric Bogren, Viée President Lyons, Nvmon
Rocky Mountain Materals & Asphalt et rannas Sand & Gmel







